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DESCRIPTION OF THE PROJECT

.° EXECUTIVE SUMMARY

4

In order for the solar industry to be successful in stimulating comu

mercial use of solar energy, it Must provide for the development of..

manpower reso;urces with the knowledge and skills to install and maintain
l

solar systems. The signiticance of the demand for solar equipment and

"1)

lar workers must be known before plans can be made.to spend the great

sums of money required to deyelop a curriculum to train these workers.

There Should be a we4,founded expectation that there will exist a clear .

' demand for the training1 and employment opportunities fol. the graduates

he .training program. Heretofore, there have been insufficient data

available regarding the number of solar energy workers that could be'

employed in this new and emerging yield.

The objective of kthis project was to.determine the national need for

manpower trained in solar energy.technology and report it by state. This

project f,-irecasted future manpower requirements for the solar /industry by

determining both the quantitative and qualitative needs for developing solar

skilled manpower training programs.

Secondary objectives included the identification of the aolar industry
, 1 .

manpower populations and the identification of tasks that should be per-

formed by solar technical and skilled workers. An analysis of this infor-
4

mation provided the manpower population determination and should aid in

solar manpower curriculum design.

The project contract had three b sic tasks:

Tisk 1. Conduct a survey of solar heating and cooling systems
equipment using ERDA, NASA, and private industry resources.

4.
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Task 2\. Review existing)consumer demand studies to forecast
manpower requirements.

Task 3. Conduct a skills Study to determine the type Of hurricalam,
required' to produce the trained manpower identified in.
Task 2 above.

The final solar manpower assessment was formulated from thesresults of these

three .:as,Ics.

Three separate working groups were formed to address these tasks: an

egyipment group, a inarket penetration group, arld a skills\analysis group.

A fourth group, the manpower assessment group, combtned Le results frdm

the three initial4working aroups to meet the overall project objectives;

'namely,

- To produce a forecast for >blar trained manpower needs.

To determine the types,of training required to produce manpower

capable of perforMing the tasks identiiied in the task analysis.

FINDINGS

This project determined the expected time required to design,.install,

and maintain solar space heating and hot water systems. For this study, i)t

was found that the-typical installation time fsr a.domestic hot water system

is libianhours, plus an additidnal 10 minhours required for .design,-and 2

manhours per year for maintenance. The typical domestic space heating'sys-

tem requires 125 manhours to install, 30 manhours to design and 10 manbours

per year to maintain.

Using a task

installation, and

analysis approach based on the solar system design,
e`t

maintenance,'strictly solar tasks were identified. Using

degree of Olficulty and background knowledge required As the criteria,*these

solar tasks were found to be divided into two categories. Two types

of solar workers were defined from the two categories of solar tasks: tbe

solar mechanic and the solar technician.
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The solar mechanic is defined as avonvenkonal tradesman with know-

ledge of solar systems. this person is expected to perform entry lever,

taska of installation ang rautine Vaintenince.

The polar tasks to be performed by the solar mechanic are..to:(

Mount each:,collector.

6

m t' Chepk tbrmal positions: of 'motorized valves.and dampers.

.- Monitor fl4ates and timperature difforentialsto to t system'
I ,

.7

(-

.
1

5 operation. ) ...

"

These
,

solar mechanic tasks'representrtwo percent of the.total deaign,
i

installation, and maintahance time for a'typical solar energy sydtem.
.h

The aolar technician has knowledge and Skills specific to solar system
e

design, installation, and dragnostic troubleshooting. Specifically, his

solar duties and tasks are to:.
0

I.
Calculate'hot'water loid.

't

,

Choose collector type. .4
.

,

:Calculate solar gain on unit area basis.

Determine maximum available collector area.

'Determine optimum collector.area.

Design fluid flow systems.

- k Check out the system powered'components.

Calibrate and test solar,temperature differential
%

Test system operationai modes.

Am analysis of the-tasks for design, installation, and maintenance

/

controls and

for a typical solar system reveals that the solar tasks accounted for .

approximately 20% of the total task time. The remaining 80% of the aboVe

tasilcs could'be performed by solar-trained conventional tradesmen -- the

solar mechanic.: The heating, ventilating, and air conaitioning (HVAC)

journeyman skills are needed five to six .percent of the time, and are

./

V'

5
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attributable mostly to.design Of'the syster. Plumbing skills for a liquid

system are required approximately 'fifty-five percent of the time, and this
. ..

:same percentage applies to sheet metal skills for an pir system. Laetlx,

C:, ,
I

eleCtrician skills are rAquired about four to five'percent of ihe/time,
I

. , . ...r. .

t cdrpentry abbut one percents and other skills about 'ten percent of the time.
0

,.
. .

1 the educational background needed by the solar "mechanic" to enable

hini to.learn the required solar tasks is as follows:.
.

k
10

,(1). A hgh.school edutatioxi ''

i.

.
%...)

.

(2) Extogrience piimarily in plumbing (for liquid systems) or in -sheet '

, .

,,

/
metal (for air systems). -

-.

.Therefore, the efu a onal badkground fc\i the solar "mechanic" is

.nearly identical to th t of the practicing Olumbevor sheet" metal tradesman.

The eduedtional preparation.to enable the solar "tethniciarifi to perform

the required tasks includes the following:

' (1) A high school education °

$ .

(2) Basic mathematiCs

(3)' Basic physics

. (4) Basit'computer prbgramming

(5) -Basic heat transfer theony

'JO) ;Basic fluid flow theoCiy

(7) Draftineblueprint'reading

(8) °Sun/earth relationsh;ps and other environmental problems'
,

.(9) Basic engineering technology.
t

The knowledge'required-of.a solar IteLhnician" exceeds that of a

typical tradesman, and is beyond the high school.training.level.

The project,ed demand for solar equipment is §ubstantidl, based on

three majOr.Markets.tuaies -- one produced by the MITRE Corpordtion, anqther
,

by.the University of New Mexico (UNM), an4 a third by the' Solar Energy .

1

Industries Association (SEIA). All th:ee studies agree that by 1985 there
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least 2.4 million.solar hot water and hot water/space.heating

\

uniis installed in the residential sector of the.United States. Figure A

.compares.the.projections of sblar installitions by the three studies.

4.

1.2

t;r

FIGURE A. COMPARISJN OF NUMBER OF SOLAR SYSTEM
. INSTALLATIONS

PROJECTED BY THE THREE STUDIES

..°

4.

1978 19110

.
I

1982

SEIA

1984

YEAR

1986 1988 1990 1992

AP

4.

P
2

1

r



.

4.

11
A

9

4

the soiaF.field. One-fifth of these workers must be trained at the technician

e

e

To supPly:the required number of solar.technicians and mechantcs at

a steady.rate, elainiMum of 4000 workers mist. be trained every year to

fulfill the intremént in demand until 1985. Of theseL4000 workers, at least
. .

.800 must'be trained at thebsolar,techacihn level every.year. In the years

from 1985tO 1990, the-yearly rate of'supply must be increased to nearly

6200totalworkers including at least 1200 soler.technicians.

CONCCUSIONS

A substantial

and maintain'solar

demand for trained skilled workers to design, install,

systems,will develop mncurrently with the demand'for

. 1
solar'eqhipment. AccoOing to.the three solar marttet projections uted,

t.

there will be at leaSt 2.4 million solar units installed by 1985. Accord-
-4

A ingly, by that year there must be a minimum of 25,000 skilled workers in

,

V.

level.

Solar 'technician training will be equivalent in length and extent to

'A

amt for.HVAC techniciarts, approximately a two year program, There is no

need for as comprehensive or lengthy training'for workers in the solar
e

mechanic crass. . Most solar mechanic training is being done and will be

done jpy the solar induq.try manufacturers, distributors, and deaiers, and
. . ,

. .

through short courses and.conLnuin6,education. However, there ii a need

for an educational training.program for solar mechanics if the individual

does not have previOdt'knowIedge and training in HVAC.and/or plumbing.

To meet the demand for solar workers, approximately 80 schools, each

graduating 50 solar technicians peF year, will be needed between the present

and 1985. To fill the yearly demand for technicians between 1985 and 1990,

40 additional schools will be required. The regionalbdevelopment'of these

schools should follow the regional demand for installations.

a

.0
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. legional.feasibility of.solar systems.will determine regional °manpower

demand. Solar space hediling wil become economically feaeible amohg the

- Canadi4 border States in the extreme nortOist.#nd northr.captral parts of
..

the natison between the presentiand 1980. Between 1980 and 1985, the middle °

A

belt states will.show increasing feasibility. As expectedi'far. fewd spaoe.

heating srstems are forecast for the.southern stin belt. states. 'Solar waterfj

*heating without space heating becomes feasible in a more scattered manner.

Theltrend for imp.Lemeniatioh varies, with insolation and 4ectric rates since

hot water needs are more uniform than space heatihg needs.

IECQMENDATIONS'
.

eXiicommend:

1. Thai the solar mechanic training programs'now being undertaken

by solar mahufacturers, distributors, and.some trade unions be cOntin64,:.

This training.should also be conducted,throgh short courses, continuing

education programs, apd certificate programs. .. 11.

2. That'the, development of-solar technician iraining programs be

begun immediately.
0

3. i4hat the basic technician training program contain the flexibility

to accommodate local/regional variations and future developments in the

solarJndustry.

0

SI
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I. DESCRIPTION OF THE PROJECT

A. STATEMENT OF THE PROBLEM

The United States is facing a major challenge in the development of
I.

alternative sources of energy to replace depleting fossil fuel reserves.

Estimates of the United States Geological Survey indicate that the remain-

ing supplies of 'petroleum and natural gas available domestically may be

exhausted within the next 16-42 years unless other sources of energy can

be utilized 'to meet.many of our energy requirements. .

Alternative sources are being developed to replace rapidly eroding

domestic fossif kuel resources and to place the United States in a more

tenable position from an energy standpoint. The utilization of solar

energy has been given a high priority among the alternate energy sources i

to be developed. Congress has declared that it is the pglicy of the

Federal Government to provide for the cievelopment and demonstration of

practicable means to employ solar energy on a commercial scale. Formerly

the Energy Research and Development Administration .(ERDA) was stimulating

private industry in the construction of residential and commercial build-

ings utilizing solar energy heating and cooling devices. Presently, the

Department of Energy is continuing this thrust. Congress also has authorized

and directed that education and technical training programs 10 supported

to provide the necessary trained personnel for solar energy research,

delielopment, and deionstration activities required by the Solar Energy Act

of 1974. The proposed National Energy Plan outlines a program of financial

incentives and public education to stimulate the development of a larger

solar market.



If.government and'industry are to.be successful.in stimulating commer-'

cial use of solar energy, they must pKovide for the development of manpower

resources with the knowledge and skills to install and maintain solar sys-

tems. The significance of the demand for solar equipment and sOlar manpower

must be known before plans are made o spend the great sums of money required

to develbP a curriculum to train thee workers. There should be a well
'4, a

,founded expectation that there will exist a clear demand foi the training,

and employment opportunities for the graduates of ,the training program.

Heretofore, there bave been insufficient data available regarding the number

of solar energy syster, workerechat could be employed in this neW and eierging

field.

The objective of this project was to determine the need for manpower

training in solar energy technology and.report it on a regional or state

basis. This project forecasted future manpower requirements for the solip

industry by determining both the quantitative and qualitative needs for

developing solar skilled manpower training programs.

Secondary objectives included the identifiCation of the solar industry

manpower populations and the identification of tasks that will be.done by

solar workers. An analysis of this information provided the manpower popu-

.lation determination and should aid in'solar manpower curriculum design.

Three basic qvestions were to be answered by this.project:

1. Lased on a survey of solar heating and cooling systems equipment,

what types of systems are being manufactured?

2. What iS the quantitative demand for workers to install and

maincain such equipment?

3. What skills must be possessed by solar workers?

The project contract specifically called for the performance of the

following tasks:

-2--



Task 1. Conduct a survey of solar heating and cooling Systems,/
quipment using ERDA, NASA, and private industry reg6urces.

Task 2.1 Review existing consumer demand studies tefOrecast
manpower requirements.

Task 3. Conduct a Sktlls study to determine the type of curricule
xequireckto,produce the trained manpower identified in
Task 2 &Jove.

The final solar technician manpowar,assessment was formulated from the

re ults of these three tasks.

B. PROJECT ORGANIZATION

The initial project organization was arranged according to the teaks

described above. Thrie Itvarate working groups were formed to undertake

the three tasks: an eq 4.pment groll,(Taskf-1), a mArket peAetration.group
re

(Task 2), and a skills .nalyiis group (Task 3).

The eqmipment group surveyed solar eiluipment manufaancers and supplied

infdrmation in support of the market penetration and skills analysis groups.,

Thit information included installation manuals, equipment cost, and opera7

Lionel data. The.market*penetration group ?rodueed a forecast of demand

for solar equipment. Ultimately,,e demand for solarpanpower is a

function of the demand for purchase and servicing of solaOliinieent. The

skills analysis group determined installation and maintenance skills required

for solar systems and calculated the manhour requirement per solar system.

The schematic of the overall project work plan, shown in Figure 1,

'represents the three.phases of the project. 'First, each of the three groups

- worked independently. Upon completion of their tasks, the second phase

began. A fourth group, the manpower assessment group, combined the results

from the three initial working groups to.meet the overall project objectives;

namely,

1. To prAuce a forecast for solar-trained manpower needs.

2. To determine the types of training required to produce manpower

capable of performing the tasks identified in the task analysis.

-3-
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Figure 2., the work coordination schedulf for the project, !depicts the.

' 'temporal and operational relationsilips among the working groups.
.('

*Throughout the project, an advisory Committee served as on-going.

monitors of the progress and plans. of'the working groups. The advisory

committee was composed of both educational and industrial professionals

\ (members listed in Appendix A). Additionally, special consultants were

utilized to identify sna clari2y Specific problems during. the Course of

this project,. These consultants are listed in 'Appendix B.

C. PROJECT METHODOLOGY

In.tIle previous section the three working groups And their'interrels-
,

t.

tionships have been delineated. ,This section will contaiA 4 detailed

description of the methodology empioyedty each group in carryin& out its

tasks.

C.1. Equipment GrOup

The purpose of the equipment groupvas to support the effokts of the

market penetration group. and the skills analysis.iroup. The equipment

group served as the technical consultant to the other groups, and provided

infOrmazion on syitem design, cost and deliverable energy.

The'primary objective orthe equipment group was to determine the

types of solar systems and equipment being manufactured. Three basic

.constraining assumptions from several sOurces were made.

1. Any solar.technology not presently in an "advanced" stage'of

development will not be widely used by 1990. (From Advisory' Committee)

2.- Photovoltaic systems will not be competitive with solar thermal

systems before 1985. (From Advisory Committee)

3. Residential insta/lations will comprise the majority of solar

system installations. (Frodi National Energy Plan)

-5-
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Three general tasks were to:

1. Identify solar. System equipment.

2. Obtain installation and maintenance instructiohs for existing

solar equipment.

3. Determine hot water and hot water/space heating solar system

sized for various locations in uhe U.S.

-The dolar systems were first categorized by,end-use application, i.e.,

service hot water, space heating, and space cooiing' systems. Within each

of these categories, various generic types of systems were identified,

which corresponded to the "paths.to solar heating and cooling of buildings"

as ouilined in ERDA 767144. "Interim Report: National Program Plan for

Research and Development in Solar Heating and Coolihg". (Appendix D) A

4 survey of equipment which Is presently.available was conducted. Manufac7.

turirs were identified (Appendix C) and Contacted through t'he Use of ERDA

liitings, Solar gnergy Industries Associates (sgIA) listings, advertise-

tients in trade journals, solar conferences, and research yeports. From

their responses it was determined that die solar systems mbst likely to

see' i.adespread utilization in the next decade would be restricted to hot

water and space heating application. Furthermore,-the collectors used

would be non-cormentrating and non-traeking, but would.include both air

and liquid types.

Tlie task of obtaining installation and maintenance instructions for

existing solar equipment was an extension of the 'manufacturers' survey

mentioIed above. Once the manufacturers and their equipment had been

identified, a repreeentativ sample of these manufacturers was recontacted

and asked to supply installation/maintenance instructiOns to be used by

ae skills analysis group and cost information to be used by the market

93

-7-
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penetration group.

. The third task involved estimating the collector area needed for hoi

'water and hot water/space heatlng systems on a state-by-state,kasis. Data

46%

generaied were used to determine the solar system installation times.

System. s were assumed to supply 75%. of the required load from solar energy.

Hot water syptem size estimates were taken from various manufacturers'

literature. Hot water/space heating system sizes were estimated by using

the "Load Collector Maps" developed by Balcomb and Hedstrom (see Appendix D) .

A listini of approximate system sizes versus design/installation times is

given in Apliendii E.

C.2. Market Penetration Grou

s
The maIrket penetration group had the task of forecasting the demand

for solar energy systems. In turn the 'forecasts were used to defermine

.:the number of skilled-workers needed to'design, install, and maintain a

typical solar system. These forecasts were made for each of the contiguous

states.

Existing market studies were used to p oject future demand for.solar

installations. With' the help of the Advisory Committee, standards of

.evaluation were developed to provide a common .basis of comparison for the
,

existing studies. These'market studies were reviewed, assumptions were

accepted, and the specific ,differences in approach to forecasting demand

for solar equipment were established. The detailed procedures involved in

completing this task are given in Chapter II of this report.

C.3. Skills Analysis Group

The skills analysis group.was to determine the number of solar workers

needed to design, install, and maintain the typical solar sys6sq. Initially,'

this group performed a review of the product specifications, literature,

"-\ 1401



ssaimatic diagrams,

from manufacttirets.

and inatallatidh and maintenance instructions obtained

Xfter a suffiCient foundation had been developed t

using the,available literature, a preliminarir inventorytof tasks was made.
t-

This task inventory consisted of a list of duties for ,:he solar worker,

under each of which was a listing of specific tasks to accomplish that'

duty. The methodology used in the task analysis is found in Chapter III,

while the methodology used to opletermine manhour requirements per system

is explained in Chapter II of phis report..

c.4. Manpower Assessment Group

The *power aqmpssment group was the fipl working group Of the

project. The personnel fipm the initial three working groups coMbined7

the findings of their irldividual groups to formulate the results and con-

clusions of this project. .The specific objettives of this group Were the

overall project objectives:

,

1. To produte a forecast of solar-trained marrOower needs.

2. To determine the types Of training required to produce trained

manpower capable.of performing thd

analysis.

tasks identified in the task

0

'The results concerning the task analysis and educational levels asso.,

ciated with the required ;raining are found in.Chapter III. The predicted

manp.ower needs are given ilisChaliter II.

3
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II: MANPOWER ASSESSMENT -

p.

ON

The manpower assessment group utilized the pertinent results
. .

,

.
,.

,

from the t ee individual, groups described in Part I. The maiPower.
-.

q '
.

.. .

*

demand of ttle,solar energy industry is a direct function'of the manhotir.
6.

' requirement per solar system,and the yearly deband for solar equipment.9
This chapter is divided into three sectionsk In section A the majoi

existing economic studies in the solarbfield, which were used in'this

project, are described. Using these .studiek, the regional yearly

demand for solar equipment in the U.S. residential sector is predicted

and tabulated. In-Section B the methods for determining the manhour
..11

requirement per solar sys'eam are outlined In section C, Manpower .demnd

is calculated for each region for each year from 1978 to 1990. "

A. PROJECTIONS OF 'EXPECTED DEMAND FOR.MAR SYSTEMS

It was the basic assumption of this project that the demand for

solar!manpower is a direct function of ae demand for solar equipment.

The forecast of demand for solar equipment is based on existing studies.
4 .

A.1 SELECTION OF DATA BASE

All available market studies were reviewed and analyzed; however,

only 1974 or later.studies were sufficiently current to be considered

for selection. The objective of thisyrycess was to obtain the best

installed nationally,

regionally, and state-by-state. The methodo...ogy and a;sumptions used

in eae. study were analyzed to select the most reasonable approach to'

I.



the problem. Some of the studiee, such as the University of Delaware

report (ERDA E (11-1)-2598) (See Appendix D), were not useful in this

project because of insufficient information. A decision was made to

use three.different studies as the basis of forecasts for the number

of installations in this country. These three studies were as

follows:

(1) The University of New Mexico Study

Title: THE ECONOMICS OF SOLAR HOME HEATING, by William D.

Schulze, Shaul Ben-David..

Date: July 1976

(2) The MITRE Corporation (MITRE) Study:

Title: AN ECONOMIC ANALYSIS OF SOLAR WATER AND SPACE HEATING

Date: July 1977

(3) The Solar Energy Industries Association (SEIA) Study:

Title: SOLAR MARKET CAPTURE AND MARKET PENETRATION, by

Sheldon Butt.

Date: October 1976

The rationale for selection of above studies is as follows:

The SEIA study is the industries own estimate of its market poten-

tial. As such, it represents the views of those who most directly gain

or lose depending on the accuracy of their perception.

The MITRE study is the product of the most intense effort by ERDA

to date to arrive at feasibility and market penetiation estimates.

MITRE estimates are being used extensively by ERDA in many other analyses.

The University of New Mexico study (UNM study) forecasts the

economic feasibility of solar energy state-by-state, by year, and by

application. Due to exogenous variables, such as orientation and structure,

freedom from obstacles, and age of the structure, economic feasibility is not



LI

readily translated to market penetration, It was necessary, for this

project, to carry out an assessment of market penetration, incorporating

the economic feasibility as determine0 by the UNM study.

Figure 3 illustrates the mijor differences among the three
1

studies selected and highlights the major asiumptions each study employed.
4

The studies produced several scenarios, each with its own assumptions.

The UMM study, for example, had scenarios for two different intvest

rates and three different estimates of solar equipment costs. *The most

reasonable scenarios in our opinion were selected for presentation in the

table. It should not be concluded that the three forecasts would be the same

even if each of the three studies was, based on the same set of assumptions.

Different methodologies and, more importantly, different investment

criteria, cause significantly different conclusions.

The WM, SEIA, and MITRE studies provided regionalized results.

MITRE used climatological data from sixteen different cities that

represent sixteen different zones. SEIA similarly selected several regions

for analysis and drew conclusions for the entire country. The UNM study

provided analysis by state and.by year. Since housing data are readily

available by state; it was possible to make a manpower forecast, by

state, for this project based on the UNM study.

A.2 CALCULATION OF THE EXPECTED NUMBER OF INSTALLATIONS USING THE
UNIVERSITY OF NEW MEXICO STUDY

Estimates of the expected number of installations were made for

'

domestic hot water systems and for domestic hot water/space heating

combined systems. These two separate forecasts were made from 1978 to

1990 for each of'the 48 contiguous states. Additionally, each forecast

broke out the number of systems installed into two catagories: systems

retrOfitted to existing structures and those installed during new

construction.

-12--



STUDY COST OF SOLAR

FIGURE, 3.

ASSUMPTIONS OF .THE THREE STUDIES

INTEREST RATES

UNIVERSITY OF

NEW MEXICO*

*plus Navarro
College's assumptions

R.N. $11/ft2

+$300

20 year life

S.H. $9.50/ft
2

+ $1,100 fixed costs

comparable typical

unit. 30 year life

CONVENTIONAL FUEL PRICE

Real 2.5%

Computor unalysis of

lowest cost available

fuel per M.B.T.U. by

state (see table).

.Daregulavinn of

natural gas.

MITRE
2

U.N. $20/ft Real 42

Aspume price increase

of electricity at AZ

greater than inflation.

SEIA $1,150 H.W. Equal to long term

mortgage interest

rates, unspecified.

Gas supply will diminish.

Prices will increase.

Implied assumption all

new construction will be

.electric: 4.5C/KWH

increasing 52 greater

than inflation.

MARKET PENETRATION FAX EFFECT

Fraction of Market/Year

H.W.

retro new

.018 .27

(year)

S.HAH.W. Present programs

retro

,005

neW

.10

National Energy
Plan

(402 tax credit on let $1000.
252 en next $6400. Declines

to 252/$10001 152/56400,)

4

cost conventional
coat aolor

Market Summary

H.W. S,H,

retro new retro new

1982 77.92 12.62 3.22 9.52

1987 30.42 7.62i 19.32 21.1

1992 10.4A 3.02 36.52 7.92

Assume. National
Energy Plan

(402 tax credit on let $1000.
252 on next $6400. Declines

to 252/$1000, 152/$6400.)



The procedure follOwed for.calculation of the expected number of

installations by state and by year was as follows:

Solar Feasibility.

The year of economic feasibility for installing hot water and hot

water/space heating systems by state was taken from the UNM study.

These maps of solar feasibility are reproduced in Appendix F.

Housing Stock and Start Prolections

The existing housing stock was determined from U.S. Census Data

for single family, detached housing.. The housing starts were taken

from the 1972 Obers Projections for mid-point projections of gross.single

family,.detached,dwellings. These two tables are reproduced in Appendix G.

Market Penetration

The fraction of the total housing market expected to have solar
*

systems installed, when it s economicallY feasible to do so, is called

the market penetration. The yearly market penetration,for hot water

and hot water/space heating systems for.both retrofit and new instal-

lations are given in Figure 4. The assumpations and reasoning

used to arrive at these ratios are also given.

The multiplication of the appropriate market penetration

with the appropriate housing inventory gives the number of expected

installations. The number of hot water/space heating system installations

expected by state and by year, for both retrofit and new installations,

is given in Figure 5. The number of domestic hot water system installations

was determined by reducing the market penetration for hot water

systems by the number of combined hot water/space heating systems installed

in the same year. Thus, Figure 6 is conservative in its expected number

of hot water installations. This also explains why the number of domestic

hot water systems installed decreases over time in some instances.

-14-
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FIGUR\g. 4.

MARKET PENETRATION". PER 'YEAR

H. H.W.
Retro New Retro New

a
Economic Rationality
(including arch/aesth.
considerations)

.80 .80 .50 .50

(b

Orientation 6 Stave. .30 .30 .40

(c)
Age (retro-only) .67 N.A. .67 NA,

(d)
Free of obstacles .67 .67 .50 .50

(a)
102 (10 O.) conversion
(retro-only)

,.10 N.A. .10 N.A.

YEARLY MARKET PENETRATION
.RAT/0

.018 ,.27 .0050 .10

CALCULATION OF MARRET PENETRATION FACTORS:

(a) Econ. RationitY

For H.W.: (w 6 retro): Only 202 of people will not "want" to spend the
61500, or are ust against the looks of them.

For S.H. 6 H.W: (new 6 retro): one-half the people will refuse to put out
(or borrow) the money simply because of the large amount of dollars involved
(approximately $6000+).

(b) Orientation 6 Structure

For H.W.: Half the houses have orientation problema,.no real struct. problem.

TOT S.H. 6 HAL; 4 have orientation problem.

- Retro - Another 202 have structural or space problem.

- New - 102 have space problem; no structural problems.

(c)' kr&

- Retro only; With 20 year solar system life, and 30 year house life, only
2/3 of housing still has necessary life left.

(d) Free of Obstacles

H.W. approximately 2/3 of all houses are free from trees, buildings, hills,
etc. (S.H. has more of problem because of more area).

(e) 102 Conversion (Retro only)

Approximately 10 years necessary to convert available market.

Iry
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FIGURE 5.

EXPECTED NUMBER OF HOT WATER/SPACE HEATING SYSTEM
INSTALLATIONS (In Thousands)

BASED ON THE UNIVikSITY OF NEW MEXICO STUDY

I An
l9,1

RET NEW
. 1978

RE? NEW
1979

RET NEW
1980

RET NEW
.1981

RET NEW
1982

RET NEW
470J

-RET NEW
4704

RET NEW
1707

RET NEW
470U

RET NEW
3701

RET NEW
4700

RET NEW

47V7

RET NEW
1,77V

RET KEW

, AL .

I . .

.

AZ. . .
.

CA . 23. 13.8

CO 2.7 1.8

CT 2.8 1.6 . ,

D;
,

........----

.

' .7
-1 .

ft
6.---t-,..

,

OA
.

ID

IL
.

1

10.9 5.2

IN

IA
3.9 4.7

KS

KY

LA
'

HE 1.1 .2

MD - .
4.2 3.4

KA
4,6 2.5

MI
10.8 5.7

lei 4.5 2.3

9----,-
tiS

,

_
)

MO
6.1 :

-Pn. .9 .2

NE
2.0 9

MY

im 32 3 3



a

14

FIGURE 5 (Continued).
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FIGURE 6.

EOECTED NUMBER OF DOMESTIC HOT WATER SYSTEM
INSTALtATIONS (In Thousands)

IriSED ON THE UNIVERSITY OF NEW MEXICO STUDy

. Piii

PET
, 1976

RET NEW
r 1979
PET. NEW

1980
RET

,

NEW
1981

' RET NEW
1982

' RET NEW
193J

RET NEW
1934

RET 'NEW

193,
RET NEW

1966

RET NEW
1987

RET
.

NEW

1988
RET NEW

1989

NET. NEW

1990

RET NES

.

,

AL

1

.

,

16.7 6.3 40

AT
I' '7 .7 6.4 ,

.

.

. .

, ,

10.4 3.6 .

,

CA .

84%5 37.5
.

.

61:0 23.8 ,

CO
.

. . .

,
-.-

:

9.6 .

CT
,

.5 10 .3 4.5
.

.

.

DR 2.4 1.3
. .,

, 4

'...:41

.

1.7 .8 .
.

n.
,

.

1

31.3 27.0 ,
.

.

--

.
.

.---;CA
.

t
, --,.._

19,9 10.4

----
r

.

.

)
.

.

.
. .

IL
t

,.

6
6

.

r1N

:
IN

.

.

IA'

.
,

-..
KS

., r

KY

. .

LA
. ,

.

. -

______-,
.

.

ME , ,-

4.2 .5

15.3 9.4
' 11.1 6.0

__

4

MA
. 16.7 6.9

.

MI
......L.-.-,
MN

.
.

,

,

10.6 2.9

.

MS

MO
.

.

16: 4MT--..--
.

VI

.

NE
.......4 ...--".,

NV
1.9 1.6

0



4

FIGURE 6 (Continued)
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A. 3 CALCULATIONS OF THE EXPECTEDITUMBER OF INSTALLATIONS USING THE
MITRE REPORT

4

The MITRE study predicted tbe expected humber of installations for

combined hot eater and space heating and the hot water only systems tor

each of stqeen regions in the United States.' figure 7 and Figure 8

iJ

show.these forecasts.

4 CALCULATIONS OF THE EXPECTED NUMBER OF INSTALLATI NS USING THE'
SELA. STUDY

The SEI study predicted the totalnumber of expected'solar installaw

tions by y ar for the nation. No regional forecast oe installations was ,

provided and, accordingly, no regional manpower forecast will be provided

based on 'that study. Figure 9. shows the expected number of installations

as given by the SEIA study. .

A,,5 COMPARISON OF FORECASTS

Figure 10 and Figure 11 show a comparison of the expected number

of installations according to each of the etudies.

-20-
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Region

FIGURE 7.

'YEARLY NUMBER OF INSTALLATIONS FOR
SPACE HEATING (Electric) AND HOT WATER

USING THE MITRE STUDY .

1978 1980 -1985 1990

Boston

.

,

1529 3125 5735 5742

Washington 1009 2257 5610 8240

Alblny
. 510 1103 3140 4600

Los Angeles 2885 012 16346 19405

Charleston 1965 21444 12309 32820

Bismarck

. .

713 1369 2801 3320

NathVille 2046 4608 15073 34900

Fort Worth 1481 3304 11790 25985

,

Omaha 612 1261 3505 4849,

Seattle . 130 . 346 783 1965

Phoenix 244 541 1450 3075

Miami
,

393, 958 3945 10305

$

Madison 1195 2258 5051 6105

Chicigo 388 658 1275 1395 I

cape Hatteras 137 310 1021 2402

Atlanta/ 1
. 40 93 318 785

,

TOTAL
, . ,

15273 33024

-21- a ,
90152 165897



Region

FIGURE 8.

YEARLY NUMBER OF INSTALLATIONS FOR
DOMESTIC HOT WATER

USING THE MITRE STUDY

1978 1980 1985 1990

Boston
,

3671 6794 12057 . 12517

Washington 4658 9744 24778 44121

Albany 1927 3921 11053 20265

Los Angeles
%

11862 22308 49716 70056

Charleston 11656 25852 73341

,

188081

Bismarck 1952 3754
t

8160 14024

Nashville 12455 26496 85715 195366

Fort Worth 5415 20390 73757 160950

Omaha 216e 4423 12844 . 23940

Seattle 462 1021
(

1

2310 4167

Phoenix 1331 3062 /733 15936

Miami 3118 6661 24123 56500

Madison
_

,

3032 5794 14705 25874

Chicago 861 1494 2942 3625 .

Cape Hatteras

r

,
864 1891 6169 13840

Atlanta 244 521 1719 *4020

TOTAL, 19676
...

144132
.. ,. .4 411122 853289



Year

FIGURE 9.

'YEARLY NUMBER OF INSTALLATIONS
USING 7HE SEIA STUDY

DHW only
New & Retro

DHW & SH
New & Retro

Total

78 27,600 :2,400 30,000

79 103,100 4,900 108,000

80

.

238,200 8,800 247,000

81 523,300 18,700 542,000

82 864,500 37,500 902,000

83 1,134,800 76,200 1,211,000

84 1,445,200
It

145,800 1,591,000

85 1,666,800 '., 285,200 4,952,000

86

..

1,797,000 518,000 2,315,000

1

87 1,960,000 800,000 2,760,000

88 2,067,000 1,170,000 3,237,000

.89 1,988,000 1,700,000 3,688,000

90 1,656,000 2,445,000 4,101,000

91 1,277,000 3,180,000 4,457,000

92 965,000 3,800,000 4,765,000

-23-
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FIGURE 10.

YEARLY NUMBER OF
SPACE HEATING/DOMESTIC HOT WATER INSTALLATIONS

22 (COMPARISON OF THREE STUDIES)
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B. MANHOUR REQUIREMENT FOR SOLAR ENERGY SYSTEMS

The determination of manhour requirement per solar system is a

key to estimating the future manpower demand for the solar industry.

Information obtained by the equipment group indicates that the manhour

requirements occur in four phases: design time, installation time,

maintenance time, and repair time. These four different times can be

determined separately since each is independent. The sum of these four

times is the manhour requirement per system.

B. 1. TIME DEFINITIONS

Design Time

Design time consists primarily of calculating heating load

requirements, energy gain from insolation, choosing collector types and

other factors concerningsystem design. The lirst solar system design

a person performs will generally take longer than subsequent deaigns due

to lack of experience. Furthermore, the design time requirement can

be reduced by formulating tables of data used extensively in calculations.

Installation Time

Installation time is mainly hands-on time and requires knowledge

of skills from various trades. This time depends greatly on the size of

the system being installed, which includes the collector size, storage

tank size, and other pertinent factors. Studies of solar energy demon-

stration projects and private installations indicate that the greatest

varying factor in installation time is the total collector area, while

the time for installing auxiliary components remains fairly constant.

Maintenance Time
,

Maintenance time depends more on the system complexity kwhether

a hot water only system or space heating and hot water combined system)
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than the system miss.

Repair Tim,.

The repair time depends on the type of problem encountered,

which is totally unpredictable and uncontrollable, and therefore could

,

only be estimated.

B. 2 FACTORS USED FOR TIME DETERMINATIONS

To ensure proper determination of the times for each phase, the

basic information supplied by the equipment group was used, as follows;

1. The solar energy system defined as the most "typicar! system

uses flat-plate collectors.

2. The typical solar hot water system has 50 square feet of

collector area, while the typical combined space heating and hot water

system has nearly 300 square feet of collector area.

3. The optimum collector size for each State is determined from

the average daily insolation, weather data, and other collector characteris-

tics for 75% of the heating load requirements of an average single family

housing unit. (Appendix E)

The equipment group also provided installation manuals and opera-

tional procedures from various manufacturers. Detailed study of design

procedures combined with the above information showed that the

design time for each generic type of solar system should be relatively

constant. The installation time should be a direct function of total

collector area since there is little time variation in the installation

of auxiliary components. Thus, it is necessary to determine how the

installation time varies with total collector area. The maintenance time,

similar to design tim4 is relatively constant because it is related

to system type rather than total collector area or other factors. Since
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.
it is impossible to relate repair time with any predictable factor,

is plausible,to assume no time for repair and to remain conservative

in the estimation of manpower requirement per solar system. Thus, the

efforts in this project ware directed toward determining design,

installation, and maintenance time.

B. 3.=METHODOLOGY FOR TIRE DETERMINATIONS

\There are several ways to determine time requirements. The most

direct way would be to survey solar contractors and obtain information

about their actual hands-on experience. Questions regarding the types

%

of systems installed, and how much time was required in each phase,

could be asked. A statistical analysis of the answers obtained could

provide reliable figures for manhour requirement per system within a

desired confidence lel. In addition, the statistical correlation'

between generic type of solar'system and installation time could.be

studied. .

Amother way to determine time requirements would be to survey

manufacturers of solar energy equipment., Appropriate questions to ask

"

might include: How much'time is required to install Srour particular

system (i.e., water heater or space heating system)? In terms of manhours,

what are the maintenance requirements for your system? How much time

does a solar contractor devote to the design of a complete system using

your collectors and other components?

esponses tu this type of question could be used to correctly

'determine the time requirement for the majority of equipment presently

in use. However, the time required in each phase, as given by manufacitur-

ers, would likely be the minumum time. Manufacturers generally would l

(h

ot

account for "overhead" time usually considered by solar contractors.
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area, pump sizes, and pipeline sizes are inserted into the formula and

Still, the input from manufacturers could be

the time requirements for the various stages
P

very valuable in establishing

of the solar systems. Appro-

priate_averaging and correction for ove.thead time.imuld give reliable

information about manhours per solar system for this project. It should

be noted that this ;source of information is completely independent from

the first one.

A third method for determining time requirements, and in our view

the most practical, would be to form a committee of competent persons,

who have considerable practical experience as solar contraCtors, to obtdin

the time requirement for each phase. These experts could provide the

most reliable data since the effects of a learning curve and other related

problems would be excluded from their input.
, -

A fourth method of obtaining the required data would be through

the Task Inventory Form (Appendix 10 used as a tool in completing the task

analysis. The corittee of experts and consultants (Appendix 8) identified

the tasks according to learning difficulty and gave the typical time

require8 to perform each task. When appropriate numbers for total collector

the overalf'time is totaled, the time requirements for each phase are given.

During this'project all four methods were used to establish the

time requirement for each stage of a solar system. These results were

combined with correction factors to establish the- madhour requirement for

solar systems and to minimize the variations in the madpower forecast.

Contractor Survey

A nationwide survey of solar contractors was made with better than

30% respod1S--After preparing the data base, a statistical analysis
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was performed as described in Appendix H. 'There were some interisting

results. the design time is Constant for small variations in total

collector area. For a typical domestic hot water system, ihe design

time is between 15 and 18 hours. The desigp'time for space iting :

aystems varied greatly because all generic types were combined: (The

installation time was found to be a direct function of total collector

area.) For a typical domestic hot water system the installation time is

approximately 64 hours, while for a space heating system it is between

120 and 183 hourd. The maintenance time turned mit to be almost constant

for space heating systems while it varied somewhat for hot water systeins.

This is due to the variability in the maintenance data because no signi-

ficant maintenance revrais have been kept to date.

It is important to note .that the results.obtained include the effect

of overhead time, learning curve (exmerienced vs. non-experienced);

generic type distinctions, and climatological effects. It was not possible

to carry out statistical analysis by region because of a small sample

size. .

Manufacturers and Distributors Interviews

Manufacturers and distributors were,interviewed for design,

installation, and maintenance time. Details and responses of these

interviews are described in Appendix I. It is interesting to note that

manhour values for the three phases are consistently lower than the values

derived by statistical analysis. The design time for domestic hot water

systems is nearly two hours while-the design time for space heating

systems is 9 to 50 hours. This is substantially lower'because a large

part of design time may be absorbed by a manufacturer's design experts an4
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computers, or distributors may handle the design for the brand of product

they stock. Installation time ranges from 60 to 100 manhours for space

heating systems. This broad range is expected because of the various

types of solar equipment produced by manufacturers. The installation time

for domestic hot water systems is from 16 to 24 manhours. The maintenance

time is approximately 2 manhours per year for a hot water system and between

7 to 10 manhours per year for a space heating system. This survey has been

quite useful in establishing that there is a definite amount of overhead

time.

In addition to these specific questions regarding design, installs-

tion, and maintenance time for solar systems, the contractors were asked

for general comments on their need for solar-trained workers. , These

comments were helpful in providing project personnel with an insight

into the problems facing the solar contractor. (See Appendix N.)

Committee of E erienced Consultants

Persons were contacted who had designed and installed several

systems and who are considered pioneers in the solar field. They were

asked to define the time required in each phase for the typical domestic

hot water system and the typical hot water and space heating combined

system.

The concensus was that the installation time for a typical domestic

hot water system is approximately 50 manhours in retrofit construction.

For a space heating and hot water combined system, that time is approximately

132 manhours. For new installations these times could possibly be reduced

by half, depending on the efficiency of the installers.

The design time is approximately 5 to 7 manhours for hot water

and 20 to 30 manhours for space heating, if a designer has an adequate
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background and some experience in phe field. The maintenance varies

from system to system, bUt it is approximately 2 manhours per year for

hot Water and 10.to 15 manhours per year for space heating. Comparing

these values with manufacturers' values it seems that manufacturers'

suggested times in all phases.may not account for overhead time and other

factors. The variability of the data in'the statistical analysis may

also be explained in terms of differing efficiencies of solar installers.

Task Inventory

Using the times listed for each task in the Task Inventory (Appendix

K), values for design time, installation time, and maintenance time for

typical systems were obtained. The installation times for typical

domestic hot water and for typical space heating and hot water combined

systems are 46 to 127 manhours, respectively. These time-values are in

good agreement with values obtained by statistical analysis. The design

times (10 to 34 manhours for domestic hot water 'and space heating and

hot water combined,'respectively) are also in agreement with the results

of the statistical analysis. The maintenance time in this case is a

little higher than that from the statistical analysis-because the tip

inventory listed in detail all tasks required formaintenance rather than

only those tasks that one would normally expect to encounter.

Combined Results

Figure 12 summarizes the data obtained from the above four sources

for the typcial.domestic hot water system. The data for the typical

space heating and hot water combined system are summarized in Figure 13.

Combining the.results obtained in each of the methods, the kinal values

for manhoUr requirements for a typcial solar system are show0 in Figure 14.
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FIGURE 12.

MANHOUR REQUIREMENT FOR "TYPICAL" HOT WATER SYSTEM FROM FOUR,SOURCES

41

PHASE
STATISTICAL
ANALYSIS

MANUFACTURERS
DEALERS/DISTRIBUTORS EXPLATS

TASK
.INVENTORY

4

DESIGN 15.48 0-2 5.4 10

INSTALLATION 44 16-44 50 46

'MAINTENANCE 0-2 2 1.

4.

FIGURE' 13.

MANHOUR REQUIREMENTS yo4 "TYPICAL" SPACE HEATING
AND HOT WATER.COMBINED SYSTEM

FROM tOUR SOURCES

3

4

PHASE

DESIGN

INSTALLATION

MAINTENANCE

STATISTICAL
ANALYSIS

24-53

120-183

9

MANUFACTURERS
DEALERS/DISTRIBUTORS

9-50
1

60-400 ,

.

.

7-10

EXPERTS%

20-30

132

10-15

TASK
INVENTORY

34

,

127

15
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These values will be used in the next sdction to calculate the yearly

manpower demand by region for the entire nation.. The SEIA studY made

no regional-forecasts. To calculate regional manpower demand, these

time requirements were"modified according to the appropriate total

collector area required for that region and the results were combined

with the regional forecast of the number of installations. Appendix
op.

E.1 lists; by state, the design and installation times required, Calculated.

using the University.of New Mexico study. Appendix E.2 lists the design

and installation times, by region, calculated using the MITRE study.

"Callo

,
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FIGURE 14 .

1

MANPOWER REQUIREMENTS
FOR "TYP ICAL" SOLAR SYSTEM

, . DHW DHW & SH

DES I GN 10 manhours

,

30 man hours

INS TALLAT ION 40 manhours

.

...125 maraiô ur is;

MAINTENANCE
.

,
2 manhours 10 manhour s

TOTAL . 52

.*

165

4

ob.



V.

C. CALCULATION OF MANPOWER REQUIREMENTS FOR THE DOMESTIC SOLAR ENERGY
INDUSTRY

The conceptual form4a used in, this project for calculating the

yearly manpower requirements (not incremental) is given as follows:

I
n

x (T
d
+ T

i
)
+

I x T
m

Yearly manpower = 1735 17a.5

Where I
n
= Number of installations in year 14

T
d

= Hours required to design typical system

T
i

= Hours required to install typicalsystem

I = Total number of solar systems installed to date

T
m

Average maintenance time per system per year

The figure 1735 represents the number of hours that the typical

tradesman works per.wear according to the Bureau of Lator Statistics.

C. 1 MANPOWER IORECAST BASED ON THREE MARKET STUDIES

Each market study used a different regional base. The University

of New Mexico forecast was based on'a state by state analysis. The

MITRE Report divided the country into sixteen environmentally homogenous

regions and made forecasts by those regions. The SEIA report made only

national forecasts. Accordingly, the manpower forecasts are made on the

same regional base as the demand for the solar equipment predicted by

the three market studies.

The manpower demand using the University of New Mexico study as

a base are sl.own in Figure 15 for space heating and domestic hot water

systems and in Figure 16 for domestic hot water systems. These fore-

casts are by state, by year, from 1978 to 1990. The incremental manpower

demand is shown on the bottom line. This number is the estimate of

new workers required for the corresponding year. Manpower demands,
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1977 1978 1979

FIGURE 15.

MANPOWER DEMAND FOR SPACE HEATING AND DOMESTIC HOT WATER
SYSTEMS BY STATE (In Thousands)

BASED ON THE UNIVERSITY OF NEW MEXICO STUDY

1980 19 81 1982 1983 1984 1985 1986 198 7 1988 1989 1990

AL

: AZ

,

CA 3266 3478 3690 3903

co i 485 511 537 563 589 615 641

CT 550 575 601 626 651 677 702 727 753 778 80 3 829 854 880

DE 136 142 149 156 163 170 177

n. .

GA

ID

IL 2072 2165 2258

IN

IA , 1099 1149 1198 124 8 1297

KS

KY

LA

HE 36 44 51 59 66 74 81 89 96 104 111 119 126 134

MD 858 903 946 919 1034 1078

MA 895 936 976 1017 1058 1099 1140 1181 1222 1263 1304 1345

MI 2188 2284 2379 2474 2569 2664 2759

liti 894 933 972 1011 1050 1089 1129 1168 1207 1246 1285 1324

MS.

?Kt
,

,

MT 134 140 146
..,

159 165 172 178 184 19 1 197 203 210 216

NE . 773 79 3 813 833 854 874

KY .

tot, 5 (.1



1977 1978 1979 1980 1981

FIGURE 15 (Continued)

1982 1983* 1984 1985 1986 1987 1988 1989 1990

- NH ..-- 189 197 205 213 221 229 237 246 2.14 262 270 278 286 294

NJ

NM

1276 1338 1401 1463 1525 1587 1650 1712 1774

174 184 195 205 216 226 236 247

NY 2364 2466 2568 2670 2772 2874 2976 3078 3180 3282 3384

NC

,-.------
ND 90 94 98 102 106 110 114 118 122 126 130 134 138 142

OH
.

2379 2485

OR

'OR

PA 2519 2632 2745 2858 2971 3084 3197 4310 3423

RI 136 143 149 155 162 168 174 180 187 193 199 206 212 218

SC

SD 109 110 111 111 112 112 113 113 114 115 115 115 116

TN

TX

UT 218 229 241 252 265 276 287 299

VT 96 100 104 11)..1 112 116 120 124 129 133 137 140 145 148

VA ,, 1078 1146 1203 1259 1316

WA
,

WV

WI 330 344 359 373 388 402 416 431 445 449

WY 56 59 62 65 68 71 74 77 80 82 85 86

Total 1231 1402 3309 5819 6394 10451 10852 14547 16768 19596 23629 26599 30110
.._

31269

5.)
60



1

FIGURE 16.

MANPdWER DEMAND FOR DOMESTIC HOT WATER SYSTEMS'
BY STATE (In Thousands)

BASED O THE UNIVERSITY OF NEW MEXICO STUDY
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

-.-
AL 689 716 742 769 795

552

822--,---.
568AZ

t

406 422 439 455 471 487 503 519 535

AR
i 420 436 452 468 484 , SOO

3586 3727 3867 4008 4149 r 4289 4430 3322 3419 3517 3514

CO

-..... ,

297

CT 461 477 494 511 527 544 561 578 594 611 628

DE 115 119 : 123 127 131 135 139 102 105 108 111 114 1,16 119

1714 1781 1847 1914 1981 2J48 2115 2181 2249 2315 2382

GA 900 943 977 1012 1046 1081

ID )

IL

IN L

IA

KS .

KY

ME 152 157 162 167 172 178

MD 769 797 825 853 882 758 778 797 817 837 856

MA 762 789 816
.....

I. 843 870 897

MI
.

.

.

.118 411. 426 442 457 473 488

NO 614

NT

NE
-,

.

NV 103 107 111 115 119 123 127 131 135 139 143

6 1
r4)



1977 1978 1979 1980 19 81 19-82

FIGURE 16 (Continued)

1983 1984 1985 1986 19 87 1988 0 1989 1990

NH 142 147 152 158 163 168

NJ 1092 1133 797 824 852 880 007 935 963 990 1018

NH 173 180 187 135 139 144 149 153 158 163 167

MY 1911 1979 2047 1476 1523 1571 1619 1667 1715 1763 1810 1858 1906 1954

NC
(f .......

1085 1126 1168 1209 1251 1794

ND
83 86 89 92 95 97

OH

OK 591 613 635 657 879 701

' OR .

PA 2051 2127 2203

.

2279 2355 2431

RI 124 128 133 137 142 147

SC 510 529 5'49 568 588 607 627 647 666 686 705

SD 102 106 110 114 118 122

.

TN

TX 2308 2397 2485 2574 2663 2752

UT
188

VT 77 . 80 83 86 89 92

VA 977 1014 105P 1086 . 1123 1159 854 879 903 928
-.

'953

WA
...I.

WV
,

WI
,

-

ir

.

731

WY

Tata:
Men

2026 2098 2170 11394 11821

/

11872 12228 12600 22764 23198 22714 23435 24156 26708

Incre- +72

mental man-
power demand

1

6 3
.c
0
1

,

+72 +72 +9224 +427 +51 +356 +372 +10164 +434 -484 +721 +721 +2552



using*the MITRE forecasts for solar equipment as a base, are shown

in Figure 17 (domestic hot water systems) and Figure 18 (space heating

and hot water combined).

Figure 19 shows manpower demand based on the SEIA forecasts of

solar systems.

C. 2 COMPARISON OF MANPOWER FORECASTS

It should be noted that the MITRE-study shows at least some market

penetration throughout the country whereas the University of New Mexico

report shows no market penetration where their economic analysis shows

that solar is not feasible.

For comparison purposes, the three forecasts are plotted together

in Figure 20 on a yearly basis.



Region

FIGURE 17.

MANPOWER DEMAND FOR DOMESTIC HOT WATER SYSTEMS
BASED ON THE MITRE STUDY

(In.Thousands)

19801978 .

1985. 1990

Boston
.

,

...114 215
.

414! 462

Washington 145 308

.

914

.

1 627i
Albany .

0 128 408 748

Los Angeles
. 383 . 734 1,892 2,665

Charleston 363
,

818 2,706 6,938

Bismarck . 59

,

119 292 501

Nashville' 388 .845 3,006 7,207

Fort Worth 293 641 2,721 .5193.7

Omaha° ,

,

67 135 474
,

883

Seattle 14 42 83 .149

Phoenix

.

40 95 277
.

570

Miami 101 204 918 2,150

Madison
,

94 190 542 954

-

Chicago
.

26 46 105
.

130

Cape Hatteras 27 60 228 511

Atlanta

.-

8 16 128 150

TOTAL
.

2,182 4,596
_

15,108 1 31,582



Region

Boston

. FIGURE 18.

MANPOWER DEMAND FOR SPACE HEATING/DOMESTIC HOT WATER SYSTEMS
. BY REGIOV,

BASED ON THE MITNTUDY
(In Thousaniis) .

1978 1980 1985 1990
, .

151
.!

326 673 839

Washington
, 227 606 1,018

,Albany
53 120 362 603

Los Angeles 297 644

Charleston 171 410

Bismarck

Nashville

Fort Worth

Omaha

Seattle

Phoenix

Miami

Madison

Chicago

74

190

138

149 336

'452

326

Cape Hatter s

Atlanta

TOTAL



-tr!,. 11

2

;1.

FIGURE 1?.

MANPOOrDEMAND 13Y YEAR
BASED CDT THE SEIA STUDY

year

DHW

D&I . M Total.
1

DHW & SH

D&I M Total
Total

78 795
,

32 827 214 228 44k 1,269

79 ;,971 151 3,122 438 256 684
,

3,806

80 6,865 413 7,290 786 307 1,093

,.

8,383

81 15,081 1,029 164110 1,670 415 2,085 18,195

82 24,914 2,026
,

26,940 3,350 631 3,981 30,921

83 32,703 3,334 36,037 6,807 1,070 7,877 -43,914

84 41,648 5,000 42,148 13,025 1,910 14,935. 57,083

85 48,035 5,256 53,291 25,479

,i

3,554 291033 82,324

86 51,787 7,327 59,114 46,277 6,540

.

52,817

,

111,931

87 56,484 9,595 66,079 71,470 11,151 82,621 148,700

88 59,568 11,978 71,54C, 104,524 17,894 122,418 193,964

89 57,291 14,270 71,561 151,873 27,692 179,565 251,126

90 47,723 16,179 63,902 218,429 41,785 260,214 324,116

_ '91 36,801 17,651 54,452 284,092 60,113 344,205 398,657

92 27,810 18,763 46,573 339,481 82,015

d.

421,496 468,069

......

"1
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FIGURE 24.

DEMAND FOR SOLAR TECHNICIANS AY STATE
BASED'ON THE UNIVERSITY OF NEW MEXICO STUDY

19 77 1978 19 79 1980 19 81 19 82 1983 19 84 1985 1986 198 7 19 88 1989 1990

AL 138 14 3 14 8 154 159 164-
81 84 38 9 1 94 98 10 1 104 107 110 114

AR

717 745 773 802 830

84

858

87

886

90

1317

94

1380

97

1441

100

1504
....

CA

CO 97 102 10 7 113 118 123 188

CT 110 115 120 217 225 234 242 250 261 268 289 2 84 293 302

DE 23 23 25 2 26 27 28 47 49 52 5 3 56 57 59

n. 343 356 369 393 396 410 423 436 450 463, 476

GA 182 189 195 202 209 216

ID -

IL----.
IN

4 14 433 445

--,
IA 220 2 30 240 250 259

KS -.
iCir

a-
-.

LA

7 9 10 12 '13 15 16 18 49 52 54 57 59 63
KE

KD 154 159 165 171 176 332 337 348 347 374 387

-
MA 179 187 195 203 212 220 380 394 207 422 435 448

NI 438 457 4 76 49 5 514 513 552

NN 179 187 194 202 210 218 227 234 24 1 - 249
-.

257 265

KS
82 85 88 9 1 95 98

123
MO

MT 27 28 29 31 32 33 34 :)5 37 38
39 4 1 42 41-

NE 155 159 163 167 171 175-
Hy 21 21 22 23 24 25 'i 26 2 7 28 29



1977 1978

,1

1979 1980 1981

FIGURE 24 (CONTINUED)

1982 1983 1984 1985 1986 1987 1988 1989 1990

NH 38 39 41 43 44 46 47 49 79 81 88 88 90 93
NJ 218 227 794 433 450 469 486 504 523 540 559
NM

, 35 36 37 62 65 68 71 74 77 BO 82
NY 382 396 409 768 798 828 858 888 918 948 978 1008 1037 1068
NC

217 225 234 242 250 259
ND 18 19 20 20 21 22 23 24 41 42

-
44 45 47 47

OH

476 497
OK

118 123 127 131 136 140
OR

PA
504 526 549 982 1019 1058 1095 1133 1171

RI 27 29 30 31 32 34 35 36 62 65 67 68 70 73
SC

102 106 110 114 118 121 125 129 133 137 141
SD 22 22 22 22 22 22 23 43 44 45 46 47 47
TN

..

TX
462 479 497 515 533 550

UT
44 46 48 50 53 55 57 98

VT 19 20 21 22 22 23 24 25 40 43 44 45 47 48
VA 195 203 210 217 225 232 387 405 422 438 454
WA c

.
.

Wv .

w/
66 69 72 75 78 BO 83 86 89 237

WY 11 12 12 13 14 14 15 15 16 16 17 18

7 2
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III: SKILLS ANALYSIS

4

The Skills Analysis Group had as a primary task the determination of

the solar-trained, skilled manpower required per solar system for design,

installation, and maintenance. A secondary taskwas the determination of

the tasks performed by and skills required of the trained manpowe so that

material that should be included in a solar technology curriculum wyuld

,be available should the need for such a curriculum be estalalished.

AL DEVELOPMENT OF TASK ANALYSIS

In this section, a'contractor survey is described which was used

to identify the manhours,required for the design, installation, and mainte-,

nance per solar system. Then a task inventory is described which was

c4veloped to list the tasks performed by solar workers. Finally, a task

analysis is described which was developed by further breakiug down the

tasks into all the steps (activities) required for the design, installa-

tion, and maintenance of solar systems.

A.1. CONTRACTOR SURVEY

Tlle Contractor Survey form (Appendix J) was designsld to obtain total

job manhours for the design, installatian, maintenance, and repair of

solar energy systems. It was also expected to identify the most experi-

enced'solar contractus who would be asked to confirm the task inventory.

The Contractor Survey form included an information page and checklist

for the type of system the respondent had last installed. The Tespondent.

was asked to describe the system he last installed and to supply overall

manhours for the design, installation, maintenance, and repair of that
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system. The respondent was also questioned regarding the number of solar

installations he had completed. The answer.to this question was an important

consideration in the determination of the most experienced professionals

for completi,ng the Task Inventory at a later date. Lists of solar contrac-

tors were obtained from several sources, including the Solar Energy Indus-

tries Association, National Solar Heating and Cooling Information Center,

HUD and ERDA demOnstration projects, and various state solar energy societies.

More than 650 Surveys were mailed to solar contractors, and more than 30%

ware returned. This is considered excellent response for mailed

questionnaires.

The Contractor Survey provided the total manhours for installation,

and maintenance of a number of systems of varying size. It also provided

a check on other inputs to manhour requirements.

More than 90% of the systems rPported were flat-plate collector instal-

lations. Of these approximately 70% were liquid systems. Based on this

sampling, it was decidea that the "typical/average" system would be a

flat-plate, liquid collector, and times .listed in the Task Inventory and

activities listed in the Task Analysis are biased toward flat-plate, liquid

systems..

A.2. TASK INVENTORY

A task inventory form was prepared which listed all the major duties

and associated tasks for the design, installation, and maintenance of

solar domestic hot water, heat171r ing and cooling systems. This Task Inventory

is shown as Appendix K.

Three questions were asked for each task statement on the Task Inventory

form.

1. How many people arerequired to carry out the task?

2. How much time is required to carry out the task?
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3. How difficult is it,for a person to learn how to do the task?

"Learning Difficulty" was denoted on three levels -- 1, 2, or 3, depending

on whether the task was 1 - easy to learn; 2 - moderately difficult to ,

learn;. 3 - difficult to learn.

lae'Task Inventory was circulated to people attending solar semiriars

and was mailed to people in the solar industry to obtain their evaluation

of the inventory and their response to the three questions for each task

statenent. The return was poor. Another way to obtain the answers needed,

suggested by the proj ct Advisory Committee, was to assemble a panel of

consultants to provide the necessary answers. Consultants,were chosen

who had been involved with the installation of large numbers of solar sys-

tems. The panel provided answers to tile three questions and confirmed

the task list. In addition, .each task statement was classified as to the

trade which traditionally might perform that task.

Two valuable services were performed by the panel. First, the

summation of all the individual:task times agreed with the total

job times obtained from the Contractor Survey and was thus a check

against that input. Second, the classification of each task statement as

to the trade that normally or traditionally might perform that task made

possible a comparison of learning levels for a type of tradesman. This

comparison is discussed in Section B. The Task Inventory served as a basic

structure from which the Task Analysis was derived.

A.3. TASK ANALYSIS

The purpose of the Task Analysis (Appendix L) was to provide a

detailed listing of the steps typically performed for the design, instal-

lation, and maintenance of a solar system, So that a solar technology

curriculum could be developed should the need for such a curriculum be

established. This Analysis also lists tools and equipment, materials and
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components, required science nd mathematics, and a performance objective

for each of the duty statement The solar tasks were taken directly

from the Task Inventory and are listed as Appendix M. For each activity

statement the science and mathematics skills are given in that Inventory.

Any task analysis consists of a listing of duties required to acComplish

a job. Further breakdown of'the duties are called tasks. Breakdown of

the tasks into steps are generally called activities.

B. ASSIGNMENT OF TASKS TO TRADES

Each task statement in the Task' Inventory was labeled and attributed

to the tradesman who normally or traditionally might perform that task.

This made possible the formation of two matrices (Figure 21 and Figure 22)

which can be used to compare the learning difficulty levels with the type

of tradesmaiyor solar design, installation, and maintenance. The times

given apply to a system consisting of space heating plus domestic water

heating. It is a "typical" system utilizing-300 square feet of water

collectors.

B.1. TRADE MATRICES

Down the left side of each matrix is listed the tradesman who would

be expected to do the type of work for each task. Across the top are the

"Learning Difficulty" levels as given in column 3 of the Task Inventory.

Each "level" is further broken down into Design, Installation, and Main-

tenance (denoted by Des., Ins., and Mtn.). In Figure 22, man-minutes are

listed for a flat-plate, liquid system. These times were taken directly

from the Task Inventory, and are listed on the matrix according to tradesman

and learning level (\21ich is eurther separated into design, installation,

and maintenance). The percentages, shown in parentheses in each square,

were obtained by summing all the times (Des., Ins., and Mtn.) in the square
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SOLAR

HVAC

PLUMBER

SHEET
METAL

ELECTRICIAN

CARPENTER

OTHER

TOTAL

761

FIGURE 21.

TRADE MATRIX, FLAT PLATE - LIQUID SYSTEM

LE LFVFT

Des. Ins. Mtn, Des, Ins, Mtn. Des, Ins, Mtn.

.....,_

Des. Ins, Mtn.

185 30 0 215 120 120 1175

1415

240

(15.2%)

i_ 0 1575

2085

390

(22.4%)

120

215 (2.3% 45 (4.9%)

215 5 0 285 60 0 0 0 0 500 65 0

220 (2.4%) 34 (3.7%) 565 (6.1%)

,

1200 560 0 2040 48 0 1200 0 0 4440 608

1760 (18.9%) 2088 (22.4%)
4

1200 (12.9p 5048 (54.2%)

0 0 0 0 $ 1 o o 0 a

0 0 0 0 0 0 0 480 0 0 480 0

480 (5.2%) 480 (5.2%)

.0
,,.

100 0 0 0 0 0 0 0 0 100 0

100 (1.1%) , 100 (1.1%)

0 0 185 0 840 0 0 0 0 0 840 185

185 (2.0%) 840 (9.0% ) 1025 (11.0%)

400
1

16.1%

1335

53.8%

745

30.1%

500

13.4%

3060

82.1%

168

4.5%

1175

33.0%

1920

62.0%

0 2075

22.3%

6315 /

67.9i

913

9.3%

2480 (26.7%) 3728 (40.0%) 3095 (33.3%` 9303 (100%)

so



SOLAR

HVAC

PLUMBER

SHEET
METAL

ELECTRICIAN

CARPENTER

1 OTHER

TOTAL

LEV L 1

FIGURE 22.
TRADE ,MATRIX, FLAT PLATE - AIR SYSTEM

LEV L 2 LEV L 3 TOTALS

Des. Ins. Mtn. Des. I.ns, Mtn, Des, Ins, Mtn. Des. Ins, Mtn.

185 30 0 215 120 120 1175 240 0 1575 390 120

215 2.1%) 455 (4.4%) 1415 (13.6%) 2085 (20.1%)

215 5 0 285 60 0 0 0 0 500 65

220 (2.1%) 345 (3.3%) 565 (5.4%

. 120 15 0 1 240 1 0 375
.

135 (1.3%) 240 (2.3%) 375 (3.6%)

1440 60 0 2820 0 0 1440 0 0 5700 60

1500 (14.4%) 2820 (27.1%) 1440 (13.9%) 5760 (55.4%)

0

,

0 0 0 0 0 480 0 0 480

480 (4.6%) 480 (4.6%)

100' 0 0 0 0 0, 0 0 Oi 100

100 (1.07) 100 (1.0%)

0 0 185 0 840 0 0 0 0 0 840 185

185 (1.8%) 840 '(8.1%) 1025 (9.9%)

400
1

17.0

1695

72.0%

260

11.0%

500

10.6%

4080

86.8%

120

2.6%

,

1175

35.2%

2160

64.84,

0

'

2075

20.0%

7950

76.5%

365

3.5%

2355, (22.7%) 4700 (45.2%) 3335 (32.1%) 10390 (100%)
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and dividing by the total job time, shown in the bottom, right-hand square.

In Figure 22 the same data are shown for a flat-plate, air syStem

rather than liquid. Note that for the liquid system, no sheet metal man

is required, but the plumber is still required for the air system because

of the need for domestic hot water. (The matrices do not include time

for design or installation of the conventional auxiliary system; otherwise

the HVAC and sheet metal personnel times would be increased significantly.)

For eitaer system, some interesting observations can be nade. First,

the "solar" skills are needed a little more than 20% of the time. Second,

the HVAC journeyman skills are needed 5% to 6% of the time, nearly entirely

during the design of the system for calculations of the space heatin; and

space cooling loads. Third, plumbing skills for a liquid system are

required approximately 55% of the time, and this same percentage applie5

to sheet metal skills for an air system. Last, electrician skills pre

required about 4% to 5% uf the time, carpentry about 1%, and other (i.e.,

the homeowner, general laborer, commercial insulator, etc.) skills are

required about 10% of the time.

Of the total time i luired, approximately 25% involves Level 1 tasks,

45% Level 2, and 30% Level 3. Also, of the total time, approximately 20%

involves design skills, 70% installation skills, and 10% maintenance skills.

It must be remembkred that these figures apply to a "typical" system

of app-roximately 300 square feet of collector area.

In sume cases, tasks: cr skills attributed to one trade could just as

easily have been attributed to another. For example, some wiring tasks

could have been assigned to an HVAC journryman rather than to an electrician.

3.2. CONCLUSTONS DRAWN FROM MATRICES

Conclusions to be drawn are that the plumber (for liquid systems) and

the sheet metal worker (.for air systems).already poss(Iss better than 50% of
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the skills required to astall a solar heating and cooling system. The

"solar" skills are required only 20% of the time and are primarily design

skills requiring a fairly high level of scientific and mathematical knowledge.

C. "SOLAR" TASKS

From the task analysis, the "solar" tasks were identified (Appendix M)

and assigned to either the "Mechanic", or the "Technician".

The tasks which were assigned to the solar "mechanic" are referenced

to the Task Inventory (Appendix K) described previously. These tasks,

taken directly from the Inventory, are as follows:

(a) Under the Installation Stage -

J.3: Mount each collector.

(b) Under Maintenance -

M.12: Check normal positions of motorized valves and dampers.

M.13: Monitor flowrates and temperature differentials to

test system operation.

The tasks assigned to the solar "technician" are also referenced to

the Task Inventory. Basically, the "technician" is responsible for the

design phase and overall system check-out. Specifically, these duties

and tasks are as follows:

(a) Under the Design Stage -

A: Calculete hot water load.

D: Caoose collector type.

E: Calculate solar gain on unit area basis.

F: Determine maximum evailable collector area.

G: Determine optimum collector area.

H: Design fluid flow systems.

(b) Under the Installation Stage -



L.1: Check out the system powered components.

t.4: Calibrate and test solar temperature differential controls

and test system operational modes.

If the times required for performing each task assigned to the solar

"mechanic" are summed and that sum is divided by the total time required

to produce the "Typical" solar energy system (as defined in Chapter II),

the result will show that only approximately 2% of the time is devoted to

these lower level (installation/maintenance) "solar" tasks.

A similar calculation made for the tasks assigned to the solar "tech-

nician" indicates that approximately 20% of the time to produce the

"typical" solar energy system is devoted to these higher level (design/

installation) "solar" tasks. (See Figure 23.)

D. EDUCATIONAL REQUIREMENTS

D.1 SOLAR MECHANIC TRAINING

A solar "Mechanic" is a person who is expected to perform entry level

tasks of installation and routine maintenance on solar energy systems.

The educational background required for the solar "mechanic" to be

able to learn the above "solar" tasks is as follows:

(1) A high school education

(2) Experience primarily in plumbing (for liquid systems) or in

sheet metal (f.r air s7ctems)

Ihus, the educational background for the solar "mechanic"

is the education of the practicing plumber or sheet metal tradesman. The

conventionally trained tradesman in plumbing, sheet metal, or heating,

ventilating, and air conditioning can be taught to perform the 2% "solar"

tasks in order to serve as a solar "mechanic".

A program to trair solar mechanics who have no trade experience or



FIGURE 23

SOLAR TASKS BY LEVEL AND TIME
FLAT-PLATE - LIQUID SYSTEM (TOTAL MAN-MINUTES = 9303)

SOLAR
LEVEL LEVEL 2 LEVEL 3 TOTALS

Des. Ins. Mtn. Des. Ins. Mtn. Des. Ins. Mtn. Des. Ins. Mtn.

185 0 0 215 120 0 1175 240 0 1575 360
TECHNICIAN

185

0 1

(2.0%)

j0.

30 (0.3%)

0

335

0

120

(3.6%)'

0

(1.3%)

120

1415

0

(15.

0

%)

0

1935

0 I

150

(20.8%)

30

(1.6%)

120
MECHANIC

FLAT-PLATE - AIR SYSTEM (TOTAL MAN-MINUTES 10390)

SOLAR

LEVEL 1 LEVEL 2 LEVEL TOTALS

Des. Ins. Mtn. Des. Ins. Mtn. Des. Ins. Mtn. Des. Ins. Mtn.

TECHNICIAN
185 0 0 215 120 0 1175 240 1575 360

185 (1.8%) 335 (3.2%) 1415 (13. %) 193..1L1IALL______

30 0
MECHANIC

30 0 01 01120 0 0 0

30 (0.3%) 120 (1.2%)
.

150 (1.5%)

se;



training would devote a large portion of training time to:conventional

skills and a much smaller portion to "solar" skills, such as through a

certificate program. An institution tratning "mechanics" possessing con-

ventional skills would likely offer a program to teach "solar" skills

through short courses.

D.2. SOLAR TECHNICIAN TRAINING

A solar technician is a person responsible for the design of a solar

energy system. The tAchnician is also responsible for overall system check

out and for troubleshooting in case of repair. He is expected to have

enough knowledge and to perform solar related tasks of relative

sophistication.

The educational preparation to enable the solar "technician" to perform

the above tasks includes the following:

(1) A high school education
fr.1

(/

(2) Basic mathematics

1 (3) Basic physics

(4) Basic computer programming

(5) Basic heat transfer theory

(6) Basic fluid flow theory

(7) Drafting/blueprint reading

(8) Sun/earth relationships and other environmental problems

(9) Basic engineering technology.

The education necessary for a solar "technician" exceeds that of a

typical tradesman, and is beyond the high school level. The conventionally

trained tradesman in plumbing, sheet metal, or heating, ventilating, and

air conditioning can not be easily upgraded to perform the tasks of the

solar technician, which amount to approximately 2n% of the total time

required to produce a solar enercy system. The technician's tasks require



design skills and thus demand scientific and mathematical knowledge. These

persons require educatkon and training which differs from present trade

programs. The best way to train these technicians would be through a'new,

educational program, similar to a two-year vocational training program.

E. MANPOWER AT VARIOUS EDUCATIONAL LEVELS

The quantitative manpower demand at various educational levels must

be determined to justify the development and implementation of any ty..)e

of curriculum. The final results of this project should serve as a guide-

line that clearly establishes the type of curriculum needed to train

perscns in the solar energy industry. This section combines the results

of the section which contain the percentages of total job time computed ,

for both the mechanic and the technician, and the results of the section

which contain the total manpower required for the solar energy heating

and cooling industry,

E.1. SOLAR TECHNICIAN DEMAND

Approximately 20% of the time required to produce a solar heating sys-

tem is involved with technician level tasks. Thus, the demand for solar

technicians should be one-fifth of the total manpower required for the

solar energy industry. In the design, installation, and maintenance of

a solar domestic hot water system a technician would be required for

approximately 10 hours. For a combined space heating/domestic hot water

system approximately 30 hours would be required of a technician. For both

new and retrofit installations, the solar technician must devote some of

his time to the interfacing of the conventional and solar energy systems.

He would also be expected to spend some of this time in a sup_rvisory and

administrative capacity.

The region manpt...er demand by state for solar technicians based on

the UNM s'zudy is shown in Figire 24. The technician demand for 16 regions
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FIGURE 27 Page 63
DEMAND FOR SOLAR TECHNICIANS BY YEAR,

COMPARISON OF THREE STUDIES
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based on the MITRE report is shown in'Figure 25. For SEIA no regional

manpower daa afe available. The overall technician demand is shown in

Figur'e 26 along with the overall demand for each year based on the other

two studies.

For comparison purposes, the demand for solar technicians for each

year is plotted in Figure 27. Each of the three studies indicates an

increase in demand with succeedin

7

years. According to the MITRE study,

the demand will rise linearly 4ta, small increments. The UNM study predicts

that the demand will increase linearly wi,th substanttal increases in the

years 1980, 1985 and 1990. The demand for solar technicians based on the

SEIA study increases exponentially following a conservative beginning.



FIGURE 25. -

4

DEMAND FOR SOLAR TECHNICIANS BY REGION
BASED ON MITRE REPORT

REGION 1978 1980 1985 1990

BOSTON 53 108 217 260

WASHINGTON 48 107 304 529

ALBANY 23 50 154 270

LOS ANGELES 135 276 738 1046

CHARLESTON 107 246 786 2060

BISMARK. 27 54 126 194

NASHVILLE 116 259 912 2207

FORT WORTH 86 193 787 1763
!

OMAHA 26 54 176 305

SEATTLE 5 15 33 73

PHOENIX 12 30 84 179

MIAMI 27 58 258 636

MADISON 43 87 228 362

CHICAGO 14 24 51 68

CAPE HATTERAS 8 18 67 151

ATLANTA 2 3 32 47

TOTAL 733 1535 4956 10153
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FIGURE 26.

OVERALL TECHNICIAN DEMAND

YEAR
UNIVERSITY-OF
NEW MEXICO SEIA MITRE

1978

1979

1980

1981

1982

1983

1984

1985 ,

1986

1987
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1989

1990

1991
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700
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3443

3643

4465

4616

5429

7907

8559
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10007
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._

...
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E.2. SOLAR TRADESMAN/MECHANIC DEMAND

4 ApproximatelY 2% of the time requirdd to produce a solar heating

system is involved with hsolar" tasks that are assignable to the solar

mechanic level. It seems impractical to assume that a person would devote

100% of.his'time at this level of performance as a solar mechanic. Rather

he would bgsxpected to devote the majority of his time to conventional

tasks, but would also be capable of performing the "solar"'tasks when

needed. Eighty percent of the solar work force will be comprised of

II mechanics II
.

c.---



A. SKILLS REQUIREMENTS

This section deals with both the time required for design,

installation, and maintenance per

to perform the required tasks..

40;

A. 1 MANHOURS PER SOLAR SYSTEM

a.

solar system and

Four inputs were used in determining the

spaci heating/hot water systems:$

1. A contractor survey.

the skills necessary

"typical"

2. A manufacturer/distributor/dealer survey.

)

3. Experts' evaluation.

4. A task inventory.

Each of the above is described in detail in Chapters

hot water and

II and III. The

average manpower requirements per solar system are presented in the

Figure 28.

FIGURE 28.

MANHOUR REQUIREMENTS FOR "TYPICAL" SOLAR SYSTEMS
Space Heating/

Hot Water System Hot Water System

Design
Installation
Maintenance (yearly)
Total

Solar Tasks and Workers

Usig ilk Task Analysis
1(x,.

were Identified. These solar

10

40

2

52 manhours

30
135
10

165 manhours

(Appendix L), the "solar" tasks

tasks were then divided intc two cate
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a

f

Solar Mechanic

A solar mechanic is a person who is expected to perform basic or entry

level tasks of installation and ioutine maintenance on solar systems.

Only.two percent of the total manhours required of the mechanic on a

\\ solar system must be devoted to tasks identified as "solar" tasks. The

\t solar" tasks to be performed by the solar "mechanic" are:

1, Mount each collector.

2. Check normal positions of motorized valves and dampers.

3. Monitor flow rates and temperature differentials to test

system operation.

The educational preparation for the solar "mechanic" to be able to

learn'these "solar" tasks is as follows:

1. A high school education.

2. Experience primarily in plumbing (for liquid systems) or in

sheet metal (for air systems).

Thus, the educational background for the solar "mechanic" is the educa-
.

tion of the practicing plumber or sheet metal tradesman with solar application.
Alk

Solar Technician

The solar technician is responsible for the design phase and overall

system check-out. Specilcally, his "solar" duties and tasks are:

1. Calculate hot water load.

2. Choose collector type.

3. Calculate solar gain on unit area basis.

4. Determine maximum available collector area.

5. Determine optimum collector area.

6. Design fluid flow system.

7. Check out the system powered components.

-66-
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8. Calibrate And test solar temperature differential controls.

9. Test system operational modes.

The educational requirement for the solar "technician" to be able

to perform the above.tasks include the following:

1. A high school education

2. Knowledge of basic mathematics

3. Basic Physics

4. Basic computer programming

5. Basic heat transfer theory

6. Basic fluid flow theory

7. Drafting/blueprint reading

8. Astronomy (sun/earth relationship)

9. .Basic engir

Thus, the education necessarYfor a solar "technician" exceeds

that of a typical tradesman, and is beyond the high school level.

A.2. CONVENTIONAL TRADESMEN TASKS

HVAC Sourneyman qkills are needed for 5%.to 6% of the i:ime required..

to design, install, and maintain a solar system, attributable almost

entirely to the design stage. Plumbing skills for a liquid system are

required approximately 55% oF the time, and this same percentage/applies

to sheet metal skills for an air system. Lastly, electrician skills are

required about 4% to 5% of the time, carpentry about 1%, and general skills

about 10% of the time..

B. MANPOWER REQUIREMENTS

71e total manpawer required for the solar industry as well as tha

manpower to be trained at various educational levels are described in

this section. The details on total manpower requirements are discussed .

- 6 7-
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in Chapter II. Details on various educational requirements are discussed

in Chapter III. The yearly increment in hanpowar demand and rate of .

supply are disaksed in this secti6n.

,

B. 1 TOTAL MANPOWER

The Univerlity of New Mexico, MITRE, and SEIA studies were used

to determine the demand for solar equipment. Based on 'each forecast,

the projections of manpower demand are calculated and listed in Figures

14 through 19. For comparion purposes these projections are plotted

on a yearly basis in Figure 20. The forecast based.on ,the SEIA study

gives the highest figures, amounting to approximately 80,000 practicing

solar workers in the field in 1985. The forecast based on the University

of New Mexico study predicts that nearly 40,000 people will be working

int e field in the year 1985. The most conservative forecast,ibased
*

on the MITRE 'itudy, predicts that 25,000 people will be working in.the"

field in the same year. These numbers are for the residential sector

alOne. There.may be a substantial demand in other sectors as well.

By 1990 this demand is expected to increase to a minimum of 50,000

workers in the field, according to the MITRE and UNM studies, and to

325,000 people aCcording to the SEIA study.

B. 2 REGIONAL DEMAND .

,The UNM study which predicts regional demands indicates that the

northeastern and north central parts of 9ie country will require the

largest portion of manpower by the year 1985. The states of Pennsylvania,

New York, New Jersey, Massachusetts, Michigan, Minnesota, and Connecticut

head the demand list.. Other states with high demand for solar manpower

are California, Florida, Texas, Virginia, and North Carolina. By 1990
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high,demand for solar workerkis found in Illinois, Geoigic, Alabama,

Iowa, and Ohio as well.

Based on the MITRE study, in 1985 the regions represented by

.44Zashington, Miami, Fort Worth, Nashville, Charleston, and Los Angeles

will have substantial demand for solar manpower, and by 1990 the regions

represc,14.ed by Madison, Omaha, and Boston Will be added. A comparison

of thene regional demands shaws that.these two Studies agree on the regions

'of high manpower demand. The SEIA study doss not-list the demand for

.solar equipment by region.

B. 3 SOLAR TECHNICIANS

14,

The demand for solar technicians comprises one-fifth of the total

maLpower requirement. Thus, the demand far'solar iezhnicians in 1985,by

the solar industry is expected to be at least 5000 according to forecasts

based on the MITRE report. This demand grows to nearly 10,000 by 1990.

-Based on the UNM and SEIA studies, the demand-is 8000 and 22,000 solar

technicians, respec4vely, in 1985, and grows to 12,000. and 65,000 in 1990.

The geographical regions with high demand for

same as those mentioned above.

solar technicians are ihe

C. TRAINING PROGRAMS

It is noted in Chapter III that a minimum of new training programs

will be required to train solar mechanics. Most of these should be

programs,concentrating on HVAC and plumbing training with solar skill

instruction. However, solar technician training wip require a new program.

Typically, community colleges train technicians*d tradesmen with two-year

Associate Degree programs and supply the manpower for various incrustries.

Assuming that solar technicians will be trained by community colleges,,
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ii is important to know.the number o4lco.mnunity cillilges that

shodld be engaged in training these indiiiiduals to satisfy the

expected demand. To determine this/humber,' the yearly increment-in
k

manpower demand was calculated using forecasts based on UNM. These(

0/.
data are plotted 1.n f4gure 29. *"Neaily 4000 workers must be trained properly

N.
every yea; to fulfill the increment.in demand up to1985. This steady rate

must be maintained efleure the continued growth of 'the,sqlar field,. Of

these 4000 people, et least 800.,must be.trained at the solar technician
1

level every year. A community college bn the average could train 150 solar
I.

technicians a year., Thus-, 40 community cogeges should be engaged in

training these solar technicians by 1985.
\e

In the years from...1985 to 1990, the steady rate of supply must

be increased to nearly 6200 total workers and ac least 1200

..technicians, implying that another 40 shoois will undertake

bility of training these technicians. ."
.t

Based on SliA study, the yearly increment in manpower demand is

. calculated and is plotted in Figure 30.. The average rate of trained

solar

the responsi-

r".

manpower produCtion must be 9300 per year up to 1985, implying that nearly

40 schools should be engaged in training nearly 2000 solar technicians.

Between 1985 and 1990, this average rate of ptoduction of solar technician

increases to 9000 per year. This would require that another 140 schools
t%

begin training solar technicians during this time period.

For years 1991 and 1992 the rate of production of solar technicians

increases to nearly 14,000 every year requiring 120 more schools for

training.

-70-
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.FIGURE 29.. YEARLY INC13.EMENT IN DEMAND VERSUS YEAR
FOR ,SOLAR TECHNICIANS

BASED ON THE UNIVERSITY OF NEW MEXICO STUDY'
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codmercial use of sdiar energy, they mustsconeurrently provide for tha,

V. CONCLUSIONS AND RECOMMENDATIONS

1

If government and industry are to be successful in stimulating

development of a with the knowledge and skills'to
r *

inseall aAd maintem solar systemi. Due to,the costs of developing and .

.

implementing anew curriculum, as'well*-dubstantial investment required
d, X-A

. , N.

from thoile whoGundertake the training, there should be a well-founded

.
0

'

v. . 1

expectationiithat there will be., attar demand for the-train:4g and for
e

U.

* La
the graduates lf the training program. "The purpose of this research

. project haq been to identify the quantitatiye and qualitative needs

of a trained canimwer pool fqi the solar energy'industiry as it relates f

1

to the residential market in the United States.

A. QUALITATIVE FACTORS OF SOLAR WORKER TRAI4ING

Thtre aie.two major conclusions concerning the'qualeative isliects

..g

of solar worker trainihg.

1.- Solar workees are categorized into two distinct cladses:

a) technicians, and b) mechanics.

,

*-2. There is a teed for solar workers to be trained in conventional

heaxing,.ventilating,.and air cohditioning (HVAC) skills.and.plumbing
, .

skills, as'well ab solar skills.
°. ,

A. 1 SOLAR.TECHNIC1ANS
*A

The solar technician has knowledge'and skills spec,iific..to solar

system design,-installation, and diagnostic'trouleshooting. Solar.

_731 06 ;
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technician training will be a.two year prOgram similtar to training for

HVAC technicians. The need for a solar technician training'program is

immediate, but varies by region'and time of implementation.

A. 2 SOLAR MECHANICS

The soXar medlanicis defined' as a tradesman who has knowledge '

. of solar, systems. There is a need for in eucational training

,,prograefor workers in the solar mechanic class if the individual t

.
,1

does not hrive previous' knowledge and training'in HVAC and plumb-
.

,ing.. Today, solar mechanic training for mechanics with HVAC

4
and plumbing.backgrounas As being dond either by the solar industty J

./ _

t .

manufackurers, distributors,:and dealers, or through additions or optioits

%to Convefitional ;echnical-vocationalAprograms and'continuing educatioil '

clasaes. "This trend will.lrobably contifiue in the futurev .For those
04- -P

with no previous training in these'areas, solar options,muq be/jaded
,

to curriculzk in conventional HVAC, pluMbing, and related voct±onal

9

ptograms at educational'institutions.

A. 3 TRAINING REQUIRED I \\\

In,analyzing'thd tasks for*design, installati4, and' mainegnance
b4

of solar sysidts, it was discovereethat the solar iaskp accoOtqd

fbr

(

approXimately. 22% of .the total task time. The majority of'instarlationP

At

a

9

skills are plumbing-trade related for,liquid-type solar systems and the

majority of installation skills are sheet metal-trade related for air-type

solar systems. The solar system.design.skills are divided between

conventional HVAC skills,'approximately 25% of design time, and pose

stills specifically related to solar, approximately 75%.

The earnings of the solar technician should be comparable to that of

-

-74-
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irained plumbers and HVAC tradesmen. The earninto of.the solar MeChanic

should be comparable to that of trained HVAC or plumbet journeymen.

B. THE QUANTITATIVE DEMAND FOR SKILLED SOLAR WORKERS

A substantial demand for trained,.skilled"solar workers will

develop concurrently with the demand for solar equipment. The manpower

forecast is 4 direct function ok the equipment market studies which

show the followingleneral pattern of development.

1. There will be at least 2.4 million solar units installed

by 1985.

f

2. There must beat minimum of 25,000 skilled workers in the sblar

field by '1985. 4

1

3. One=fifth, or 5000, pf the solar Wbrkers must be trained at

the technician level.

B. I SPACE HEATINd'.

°Demand for solar space heating will increase in the'Canadian border

*.statis, in the extreme northeast, and north-central parts of ihe nation\ '

bewteen the present and 1980. Between 1980 and 1985,'themiddle,belt

states show increasing delland. As expected, far fewer

systemb.are forecast for the sur belestates.

B. 2 WATER HEATAG

Demand foi solax wa;er hatiig (without space heating) is
/ .

geographically scattered. The trend for implementation seems tb depend
. .

space heating

directly qp insolation and electric rates.

r,

C. -SUPPLY OF SOLAR SKILLED.WORKERS

'Eighty technician training schools with'solar programq will. be

f



J

needed, each graduating Wtdchnicians per year, between the present

and 1985. To fill the yearly demand for technicians between 1985 and
-1

1990, 40 additional 'schools will be required. The regional development

of these schools should follow the regional demand for instsCed systems.

The lead time required for instituting new programs in vocational and

technical schools is generally about 3 years., Implementation of solar
, .

training programi in the regions indicated4h this report must be started

irilmediately if the 1985 demands for skilled personnel are to be met.

D. RECOMMENDATIONS

Recommend:

1. That the solar mechanic training programs now being undertaken

by solar manufacturers, distributors, and some trade unions be continued.

This training should also be conducted through short courses, continuing

education programs, and certificate programs.

2. That the development of solar technician training programs be

begun immediately.

3. That the basic technician training program contain the flexibility

to accommodate local/regional variations and future developments in the

solar industry.
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APPENDIX A 9

saN

NATIONAL ADVISORY COMMITTEE

The progress of this .project has been continually monitored by

an Advisory Committee composed of experts in the fields of solar energy

and education. They have provided input on the state of the solar.field,

helped formulate project assumptions, read conclusions, and provided

overall guidance and direction for research on this project.
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COMMITTEE MEMBER

. Mr. Sheldon H. Butt

Mr. Butt is President of the Solar'
Energy Industries Association and was
recently voted "Solar Man of the Year"
by that organization.

Dr. John Davi0 Gavenda

Dr. Gavenda is a Professor of Physics
and Education and has been involved
for many years with'national science
curriculum development projects.

Dr. David Herrington

Dr. Herrington is Director for Training
for Sheet Metalcand Air Conditioning
Contractors National Association and
is actively involved in trade education.

Dr. Milton E. Larson

For the last quarter of a century
Dr. Larson has been engaged in
educational work. Technical
Education and Trade and Industrial
Education have been the focus of his
activity.

Dr. Michael Z. Lowenstein

Dr. Lowenstein has been a Professor
of Chemistry and Energy Education
for the last thirteen years. He has
recently specilized in solar educa-
tion and is on loan to Navarro
College to direct a solar curriculum
development project.

MAILING ADDRESS

Mr. Sheldon H. Mitt
Olin Brasti-Company, Inc.
East A1ton, Illinois 62024

Dr. John David Gavenda
Department of Physics
Uaiversity of Texas.at Austin
Austin, Texas 78712
512/471-3201

Dr. David Herrington
AA for Tech. and Educational Programs
1900 L Street, NW, Suite 405
Washington, D. C.
202/833-9543 171

Dr. Milton E. Larson
Department of Vocational Education
Colorado State University
Ft. Collins, Colorado 80523
303/491-6857

Dr. Michael Z. Lowenstein, Director
Solar Energy Division
Navarro College k.

P. 0. Box 1170
Corsicana, Texas 75110
214/874-6501



Mr. J. G. "Glenn" Meredeith

Mr. Meredeith is President of
Ham-Mer Consulting Engineers,
Inc., a company that specializes
in Industrial Energy Conservation.
He has been active ip the design
bf numerous industrial solar energy
installations.

Mr. Les Keliher

Keliher is a Vine President of
Northrup, Inc., a Company that is
extremely active in the manufacturer
of concentrating solar collectors.

Mr. Dwight Rathmell
4

Mr. Rathmell has served the project
as a representative of organized
labor.

1

Mr. P. Richard Rittelmann

Mr. Rittelmann is Pricipal - Burt
Hill & Associates, Architects. He .

has been the Project Architect
for more than ten large solar energy
installations and has numerous publi-
cations in the area of solar heating
and cooling technology.

Mr. George Smith

Mr; Smith is a cow:ractor who has
pioneered solar energy ihstallations
in,the State ol Texas. He conducts
solar short cJurses for contractors.

Dr. Vachon,
. I.

Dr. Vachon's a Professor of Mechanical
Engineering and has been involved in
several national solar demonstration
projects. Me has published widely
in the area of Thermal Science.

A

Mr. J. G. "Glenn" Meredeith, President
Ham-Mer Consulting Engineers, Inc.
5000 E. Ben White Blvd., Suite 3^1
Avatin, Texas 78741

Mr. Les Keliher
Northrup, Inc.
302 Nichols Drive
Hutchins, Texas 75141
214/225-4291 *.

Mr. Dwight Rathmell
Executive Secretary
Dallas Bldg. & Construction Trades

Council
, 7940 Northaven

Dallas, Texas 75230 .

214/691-2617

Mr. P. Richard Rittelmann, AIA
Burt, Hill Associates
610 Melon Bank Bldg.
Butler, Pennsylvania 16001
412/285-4761

Mr. George Smith, President
George Smith, Inc.
5011 Duval
Austin, Texas 78751

Dr. R. I. Vachon
Professor of Mechanical Engineering
Auburn University
Auburn, Alabama 36830
205/826-4574



t

Mr. Paul Wengert

Mr. Wengert is Senior Operations
and Research Analyst for Owens-
illinois. He has.beeetxtredely
active in the area of forcnsting
the financial xnpact of solar
energy system.

A

,Dr. John Yellott

Dr. Yellott is a Professor of
Architecture and is considergd
to be one of the country's "Solar
Pioneers", having been active in
the Rolar energy field for more
than thirty yearsp-

Paul Wengert
Corporate Planning

. Owens-illinois
P. 0. Box 7035
Toledo, Ohio 43666
419/242-6543

Dr. John I. Yellott.
College of Architecture
Arizona State University
Tempe, Arizona 85281
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APPENDIX B

CONSULTANTS FOR TASICANALYSIS

A committee of professionals was gathered tci develop the task,

analysis. This appendix lists the committee millibars with their addresses

and a brief statement of their qualifications.



COMMITTEE. MEMBER

Mr. Tom L. Hindes

Mr. Hindes has bsen.active Sor
mady years in the areas of occupa-
tional task analysis and curriculum
development.

Mr. William C. Matlock

Mr. Matlock has an'HVAC background.
His company has installed 'fifty solar
systems and'he is active in the design
of :Niger powered irrigation syitems.

, Ht. Damon P. Nolan

Mr. Nolan is President of Solar Age
Systlems and has completed-several
solar heating systems in the North,
Texasi Area.

'Mr. David Rozell
t.

Mr. Rozell has designed.and teaches
coursea on solar technology. He
also has field experience with,..5
solar systems.

Mr. David Springer
t.

Mr. Springer has designed and
installed a large number of solar
systems.

4

MAILING 'ADDRESS

.1

Mr. Tom L. Hindes, Director
Instructional Materials Laboratory
Trade & Industrial Education

, The Ohio State University .

1885 Neil Avenue
Columbus, Ohio 43210

Mr. Williath C. Matlock, Presillent ,

Sunpower Systems Corporation
2123 S. Priest St., #216
Tempe,.Arizong 85282.

0.

Mr. Damon P. Nolan, Prekident
'Solar Age Systems
217 E. Hickory Street
.Dentbn,Texas 764201 ,

./*

ga

Mr. David Rdzell
Solar. Technician Training Project .

Office of the State Architect
Dept.. of General Services
1322 "OtStreet
Sacramento, California 95614

Mr. David.Springer
Natural Heating Systems
2417 Front St;eet),
West Sacramento, California 95616
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APPENDIX C

SOLAR ENERGY EQUIPMENT MANUFACTURERS

This appendix contains i list of mantifacturers who are engaged
.

in the produciion-of sblar equipment or'in some aspect Of solar

research. TRis list was developed from advertiiements in solar and'

'engiaeering journals,, from government publications, and frOm persong

knowledge of project personnel. Each manufacturer was"contacted. by

letter..

4

The manufacturers are listed onceralong with their products or

researph areas,

a,

h.
and again.with mailing addresses and phone. numbers.
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COMPANY

A. 0. Smith Corp.
Asarco .

Acorn Structures
Acurex Corp.
Advance Cooler Mfg.
Albuquerque Western Industries
Alcan Aluminum Corp.
Alcoa A

Allied Chemical
Alpha Designs, Inc.
Alten Assoc;.0*Inc.

...Alternative Systems
AmeriCan Appliance
American Heliothermal
.American Solar Heat Corp.
American Solar Power Ins...
American Sun Industries
Ametek, Inc.

9 Aqua Solar, Inc.
Aromore Textured Metals
Arkla Industries, Inc.

'Automated Building Components, Inc.
Aztel Solar Co.
Barber-Nichols Engineering
Bausch & Lomb.
Belt 4 Gossett
'Bell County Supply,
Berry Solar Propicts
Beutels Soler Mating
Bray Oil Co.
Burke Ind., Inc.
Burnham 'Corp.

CBM Manufacturing Inc.
LSI Solar Systems
Calmac Mfg.
Carrier
Catel Manufacturing, rIc.

Chamberlain Mfg. Co.
Champion Home Builders
Chemical Processors, Inc.
Clary'Corp.
Coating Laboratorles
Cole Solar Systems
Columbia Solarfhergy Div.
Communicatiohs Satellite Corp.
Conserdyne Corp. .

Contemporary Systems Inc.
Corning Gl&ss Works
Crimsco, Inc.

\

PRODUCT .

CODES

45

6,DHW
DI

ez,

DHN,SH
CC,DUW,IHW
DHW

CC,DHW
DHW

Ap4CA,CF,PH
PC
PG
CF,DHW,SH.'
DI

CF,DHW
F,DWH
CF,DHW,ST.
CF,DHW
DHW kr

CA,CF
PH
AP
AC
AP
CS,DHW,IC
AC
'CO

CS

-DI

CA

DI

PH

CF
CF,DHW
CC,DHW.,PH
HP

PH
CF
CF§SH
CF,DHW.
IC,IM
CA .

CF,DHW
.CF,DHW
PC

DHW
CF,DHW,SH
CE

CF,SH

84
118
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COMPANY

- Croton Chemical Co.
Crow-Sterner Assoc.
Crystal SysteMs, Ind. .

Cushing Instruments
Dalton.Tanks and Supply Inc.
Daystar Corp. .

L.M. Dearing Assoc., Inc.
Del So) Control Corp,
Delevan Elettronics, Inc.
Delta-T

Qesert Sunshine Exposure Teits, Inc.
levices and Services Co.
Diy-Sol, inc.
Dow Chemical
Dow Corning
Dynaire
E&K Service Co.
E-SysteMs
Eaton ark
Eootechnology
tcotope Group
gdwards Engineering.Corp.
Elcam, Inc.
Energy Applications, Inc.
Energy Converters, Inc.

etly Dynamics Corp.
ergy Engineering, Inc.

Energy Systems, Inc. .

Enersol Co.
Enertech Corp.
Eppley Laboratory., Inc.
Erie Mfg. Co.
Fafco, Inc.
Filbel Corp.
Flagala Corp.
Florida Solar Energy Center
Ebrd Products Corp.
Friedrich ,

Future Systems, Inc.,
GenerP1 Atomic Co.
General ElauLric Co.
General Energy Uevices, Inc.
G ld, Inc.
G undfos ump Co.
Ha & Mitchell
Hamilton Research
Owthorne Iodustries
Ifelio Associates
Helios Corp.
Heliotherm, Inc.

4.

PRODUCT
CODES

CT

DI

PC
IM

ST
CF,DHW;SH
PH

IC
IC.

IC.

TF
IM

5F,DHW,S1{

CE,F,P,PC
DHW
CF
CF.

IC

CF
DHW
CS,DHW
DHW
IC

CF,DHW,ST
HP
ST
CF
DI

DI

IM

CS

CF,DHW,SH,PH
CC,DHW;PH
OF ,

TF
ST

AC
CF,SH
CC;IHW,PG
CE,DHW,HP,SH
C F,CS-,DHWIPH,SH

CS

CS

CF,DHW,HP,SH
DHW
IC

CF,,DHW

CF,DHW,SH
CF



COMPANY,

Heliothermics
Heliotrope General
Hexcel Corp.
1.1..Tech Inc.

'Highland Plating, Inc:
/Hollingsworth & Jackson
IHoneywell,,Inc.
Hubbell

IMC Instruments, Inc.
'ITT Fluid Handling,Div.
Ilse Enginbening )

Indeliendent Energy, Inc.
Independent Living Inc.
Industrial Systems, Inc.

InternationalInvironment Corp.
International Rectifier
Internationil'Solarthermics
IntertechnoT4gy 'Corp.
Jackson Mfg. Co.
Jacobs-Del SoTar Systems
Johnson Controls .

KTA Corp.
Kalwall Corp.
Kastek Corp.
Kennecott Copper Corp.
Largo Solar.Systems
Lennox Industries, Ind.
Libby-Owens-Ford
Lof Brothers Solar Appliances

°.MND Ihc.

Mann-Russell Electronics, Inc.
March Mfg. Co.
Mar-Scot Solar. Pac Systems
Martin Processing, Inc.
Matrix, Ina.
McDonnell Douglas
Mid-West Technology
1Mobil-Tyco
Mor-Flo Industries
Motorola, Inc.
NRG, Ltd.
National Energy Corp.
National Plastics, Inc.
National Solar Corp.

Ir Natural Energy Systems
Natural Power, Inc.

.Navajo Air Equipment
New Jersey Aluminum, Co.
Northrup, Inc.
O.E.P. Products

:0

PRODOCT
.CODeS

CF,DHW,SH
DHW,IC,PH so A .4.

CC
CS

CA
DI

CF,DHW,IC,SH
ST
PC
IM
CS

CF
IC

DHW
DI

CF,DHW
PC
SH
AC,CF,DHW,SH
CF,DHW
CC

IC

CE,SH
CF,CS,DHW,IC,P,SH
PH
APICF
CF,DHW,PH,ST
CF,DHW,HP,SH
CF
PH
IM

IC

CS

DHW
CO.

IM
PG
AP
PC
DHW
PC

CF
DHW
CF,PH
CF

CF,DHW,PH,SH
IM

DI

CS

CC,DHW,SH,PH
CF,DHW

1



COMPANY '

Ol1r Brass, Ine.
01 pic Plating Ind., Inc.
Opt cal Coating Lab, Inc.
Optojechnology, Ihc. .

Oriel Corp., .

Owens Enterprises, Inc.
Owens-Illinois, Inc.
PPG Ind., Inc.
Pacific Sun, Inc.
Payne, Inc.
People/Space Co.
R-M Products
Ranco
Raypak,
Refrigeration Researib
Research Products Corp.
Resource Technology Corp.
Revere Copper 'and BrassInc.
Reynolds Metals Co.
Rho-Sima 4

Ot

Roark, C.F., Welding & Enginiering Co.
Robertshaw Controls Co.,
Rockwell International
SES, Inc.
S.W. Enertech, Inc.
Scienttfic-Atlanta
Scientifico
sEmpo

- -Senhergetics
Sensor Technology, Inc.
Shaw Pump, Inc.
Sheldahl Co.
SigmaeResearch, Inc.
Siltec Corp.
Simons Solar EnvironmentalaSystems, Inc.
Skytherm Processes Engiheering
Sol-Aire
Solar, Inc.
Solar Age Systems
Solar-Aire
Solar American
Solar Applications, Inc.
Solar Comfort Systems, Div.
Solar Control Corp.
Solar Controllar Inc.
Solar Corp.' of America
Solv.Development,. Inc.
Solar Dynamics, Inc.
Sdlar Electric International, Inc.
Solar Energy Products, Inc.

1

PROOUCT
CODES

'AP
. GA .

CA,C0
. PC
IM

- CC
CE .

CA,Cf
- DHW

CF
. CF
CFICS,DHW,PH
IC.

CF,DHW,PH
JCS,CFOC,DHVI
SH
F

(CF;DHW,PH
CF
IC
INWIPH,SH
IC-
ST
Pc

442

,CF,CC,CS,DHW,SH,ST

CF
.CA,CF,CS,DHW,P,PH,SH,ST
.,PC

CS
CC
CF,SH
PC
DHW
P.

DHW,PH -b
CF,ST
SH
CF,SH
CF,DHW
CF,DHW
DHW .

IC,SH
IC

DHW
CF,DHW,PH,SH
CF,DHW,PH
HP
DHW
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cc-

. COMPANY ..:

. .

Solar Energy ResOUrces Corp.
Solar Energy.Systems
Sold:Energy Systems, Inc.
Solar'Enterprises, Inc.
Solar Industries, Inc.

It
r.Solar Innova , .

Solar Kineti S, Inc.
Solar Kinet s, Corp.
SolarAing,Inc.'
,Solar Phytics Corp.
Solar Power Coro.
Solar Produets
Solar Research Systems
Solar Room'Cds
Solar Sun .

Solar Systems,'Inc: (WI)
Solar Systems, Lnc. (TX)
.Solar Systems Sales
Solar Thermicv Enterprises
Solar Utilities Co.
Solarator
Solaray, Inc. ..

Solarcoa.
Solarex.Corp.
Solargenics, Inc.
Solargizer Corp.
Solaron p

Solarponics ,

Solcan, Ltd.
Solec International, Inc.
Solergy, Inc.
Sollos, Inc.
,Soltherin Corp.

Soltrax Corp. .

Solus, Inc.. ,

Southeastern Sblat Systems
Southern Lighting Mfg. Co.
Spectran/Instruments
Spectrolab, Inc.
State Industries
Stolle Corp.
Sun Power Systems Ltd.
Sun Stone,
Sun Systems, Inc.
Sundu-Co.
Sunearth, Inc.,
Suneargy Power Ltd.
Sunglaze, Inc.
Sunpower Systems Corp.
Sunstrem

ti

1438

4.:44..
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PROAT
.* CODES

I

6HW,PH
CF

DHW,ST
CF,DHW

CF,DHW,SH,ST
CC
CCODHW,PH
AC,DHW,PH,5H
PG.

PC

CF
PH

CF,DHW,SH
DHW,SH

-CF
ST
SH
CF
DHW.

CF,DHW
CF,DWW,PH
PC '

CF,DHW
DHW,PH
AC,CF,DHW,SH
DI

SH
PC .

CC

PC

CF,DHW
CF,DHW,SH
CF,DHW,HP,SH
CF,OHW,SH
CF,DHW
IM

PC
CF,OHW .

CF
CF,DHW
CF,DHW,SH
DHW,SH
PH

CF,DHW
DHW
CF
CC

CF,DHW,SH

4NellsY,

. .

4.

P;



COMPANY

PRODUCT
CODES

Suntap, Inc. PC
Sunworks ' CF,DHW,F,SH
Swedcast Corp. CS

Technology Applications Laboratory IC

Texas Electronics, Inc. IM
Texas Solar, Inc. DI

Thermon Manufacturing AP,CS
Thomason Solar Homes, Inc. AC,DHW,SH
3-M Company CA,CO
Tranter AP,CF
Turbonics, Inc. SH

S.

,

Tuthill Pump Company CS
U.S. Solar Pillow DHW,PH
Unit Electric Cohtrol, Inc. CF,DHW
United Technologies HP

Varian PC
Vermon Solar Group, Inc. DI

Vinyl Fab Industries PH

Westinghouse Electric Corp. HP,,

Wilcon Corp. CF,DHW,IM,ST
Willey Corp. IC,IM
Wiltronics IC,IM
Wormser Scientific Corp. CF,SH
Yihg Mfg. Corp. DHW
York HP

,

Zomeworks corp. P



A
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PRODUCT CODES

AC Air Conditioning - General

'AP Absorber Plates

CA Absorber Plate Coatings

CC Concentrating Collectors

CE Evacuated Tube ColleCtors

CF Flat Plite Collectors

.00 Optical Coatings

CS System Componenis

.DHW Domestic Hot Water Systems

DI Distributor

Collector Fluids

HP Solar-Assisted Heat Pumps

IC Control Instruments

IHW Industrial Hot Water

IM Monitoring Instruments

Passive Solar Systems

PC Photovoltaic Cells

PH Pool Heating

PG Power Generation

SH Space Heating .

ST Storage Components

TF Collector Testing Firm



LISTING OF SOLAR AND SOLAR RELATED FIRMS

A. O. Smith Corp.
- P. O. Box 28

Kankakee, IL 60901

ASARCO
120 Broadway
.New York, NY 10005

Acorn Structures, Inc.
Box 250
Concord, MA 01742
(617) 369-4111

Acurex Corp.
Aerocherm Division
485 Clyde Ave.
Mountainview, CA 94042
(415) 9644200

Advance Cooler Mfg. Corp.
P. O. Box 287
Clifton Park, NY 12065

Albuquerque Western Industries, Inc.
612 Commanche N.E.
Albuquerque, NM 87107
(505) 344-7224

Alcan Aluminum Corp.
100 Erie View Plaza
Cleveland, OH 44110 ,

(216) 523-6800

Alcoa
1501 Alcoa Building
Pittsburgh, PA 15219
(412) 553-2748

Allied Chemical
P. O. Box 1021R
Morristown, NJ 07960

,P

Alpha Designs Inc.
1014 Vine St.
Suite 2230, Kroger Building
Cincinnati, OH 45202
(513) 621-1243

Alten Assc:, Inc.
2594 Leghorn St.
Mountanview, CA 94043
(415) 969-6474

Alternative Systems
Main St.
Conway, NH 03818
(603) 447-5266

American Appliance Mfg. Corp.
.2341 Michigan Ave.
Santa Monica, CA 90404
(213) 829-1755 or (213) 8i0-8541

American Holiothermal Corp.
3515 S. Tamarac
Suite 360
Denver, CO 80237
(303) 778-0650

American Solar Heat Corp.
Seven National Place
Danburry, CT 06810
(203) 792-0077

American Solar Power, Inc.
5018 West Grace St.
Tampa, FL 33607
(813) 254-4461 ,

American Sun Industries
P. 0. Box 263
Newbury Park, CA 91320
(805) 498-9700
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SOLAR AND SOLAR RELATED FIRMS (continued)

Ametek, Inc.
One Spring Ave.
Hatfield, PA 19440
(215) 248-4600

Aqua Solar, Inc.
1234 Zacchini Ave.
Sarasota, FL 33577

'(813) 366-7080

Ardmore Textured Metals
P. O. Box 327
Woodbridge Ave. at Main St.
Edison, NJ
(201) 549-3800

Arkla Industries Inc.
P. O. Box 534
Evansville, IN 47704
(812) 424-1331

Automated'Building Components, Inc.
7525 Northwest 37th Ave.
P. O. Box 2037 AMF
Miami, FL 33159

Aztec Solar Co.
P. O. Box 272
Maitland, FL 32751
(305) 628-5004

Barber-Nichols Engr. Co.
6325 West 55th Ave.
Arvada, CO 80002

Bausch & Lomb
Vacuum Coating Division
1400 North Goodman St.
Rochester, NY 14602
(716) 338-6671

Bell & Gossett
8200 N. Austin Ave.
Morton Grove, IL

Bell County Supply
P. O. Box 2409
Harker Heights, TX 76541

(817) 699-2590

Berry Solar Products
P. O. Box 327
EdisoN NJ 08817
(201) 549-3800

Beutels Solar Heating
7161 W. 74th St.
Miami, FL 33166
(305) 885-0122

Bray Oil Comp.
1925 North Marianna Ave.
Los Angeles, CA 90032
(213) 268-6171

Burke Ind., Inc.
2250 S. 10th St.
San Jose, CA 95112
(408) 297-3500

Burnham Corp.
P. O. Box 1079
Lancaster, PA 17604
(717) 397-4701

C.B.M. Manufacturing Inc.
621 Northwest 6th Ave.
Ft. Lauderdale, FL 33311
(305) 463-5810



SOLAAND SOLAR RELATED FIRMS1continued)
\

CSI Solar Systems Divisioq
12400 49th St.
Clearwater, FL 33520
(813) 577-4228

Calmac Mfg. Corp.
150 S. Van Brunt St.
Box 710
Englewood, NJ 07631
(201) 569-0420

Carrier
Carrier,Parkway
Syracuse, NY 14201

(315) 463-8411

Catel Manufacturing, Inc.
235 West Maple Ave.
Monrovia, CA 91016
(213) 359-2593

Chamberlain Mfg. Co.
845 Larch Ave.
Elmhurst, IL 60126
(312) 279-3600 \\

C.

Champion Home Builders\.
5573 E. North St.
Dryden, MI. 48428 ,

(313) 796-2211

Chemical Processors, Inc.
P. O. Box 10636
St. Petersburg, FL 33733
(813) 822-3689

.Clary Corp.
320 West Clary Ave. a

San Gabriel, CA 91776
(213)'287-6111

Coating Laboratories
505 South Quaker
Tulsa, CK 74120

Cole Solar Systems, Inc.
440 A. East St. Elma Rd.
Austin, TX 78745
(512) 444-2565

, Columbia Solar Energy Division
55 High St.
Holbrook, MA 02343
(617) 767-0513

Communications Satellite Corp.
950 L'enfant Plaza, S.W.
Washington, D.C. 20024

Conserdyne Córp
4437 San Fernando Rd.
Glendale, CA 91204
(213) 246-8409

Contemporary Systems, Inc.
68 Charlonne St.
Jaffi.ey, NH 03452
(603) 532-7972

Corning Glass Works
Electrical Products Division HP C7
Corning, NY 1483Q

Crimsco, Inc.
5001 E. 59th St.
Kansas City, MO 64130
(816) 333-2100

Croton Chemical Co.
10 Harmich Rd.
South Plainfield, NJ 07080
(201) 754-2900

Crow-Sterner Associates .

5911 Southern Hills Drive
Houston, TX 77069

111111K.



SOLAR AND SOLAR RELATED FIRMS (continued)

Crystal Systems,inc.
P. O. Box 1057
Salem, MA 01970
(617) 745-0088

Cushing Instruments,
. 7911 'Herschel Ave., Suite 214

La Jotla, CA 02037
(714) 459-3433

Dalton Tanks & Supply; Inc.
56166 Ha3d1ey Rd. .

Yucca Valley, CA 92284
.(714) 1164-2230

Daystar Corp.
90 Cambridge St:
Burlington, MA 01803,
(617).272-8460

L. M. Dearing Associates, Inc.
12324 Ventura Blvd.
Studio City, CA 91604
(213) 769-2521

Del Sol Control; Corp.
11914 U.S. 1

Juno, FL 33408
(305) 626-6116

Delevan Electronics Inc.
14605 N. 73rd St.
Scottsdale, AZ 85260
(602) 948-6350

Delta-T
Dept. 3E-1
3731 Kenora Dr.
Spring Valley, CA 92077

I

Desert Sunshine Exposure Tests, Inc.
Box 185, Black Canyon Stage
Phoenix, AZ 85020
(602) 465-7525

Devices and Services Co.
. 3501-A Milton

Dallas, TX 75205
(214) 368-5749

Diy-SoL Inc.
P. 0..Box 614
Marlboro, MA 01752

Dow Chemical
.Box 1605

Freeport, TX 77541
. (713) 238-1051

Dow Corning
Mail No. CO2314
Midland, MI 48640

Dynaire
, 8519 Eastern
*San Antonio, TX 78216
(512) 349-6259

E&K Service Co.
16824 74th Ave. N.E.
Bothell, WA 98011
(206) 486-6660

E-Systems
Energy Technology Center
P. 0. Box 6118
Dallas, TX 75222

Eaton Corporation
Controls Division
191 E. North Ave.
Carol Stream, IL 60187
(312) 682-8044

Ecotechnology
P. 0. Box 181
Del Mar, CA 92014
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SOLAR AND SOLAR RELATED FIRMS (coniinued)

Ecotope Group
747 16th East
'Seattic WA 98112
(206) 3224753

Edwards Engr. Corp.
101 Alexander Ave.

. Pompton Plains0J 07444
(201) 835-2808

Elcam, Inc. '

5330 Debbie Ln.
Santa Barbara, CA 93111
(805) -967-6527

Energy Applications Inc.
P. O. Box 5694
Titusville, FL 32780
(305) 269-4893

Energy Converters Inc.
2501 N. Orchard Knob Ave.
Chattanooga, TN 37406
(515) 624-2608

Energy'Dynamics Corp.
327 W. Vermillo St.
Colorado Springs, CO 80903
(303) 475-0332

-Energy Engr. Inc.
P. O. Box 1156
Tuscaloosa, AL 35401

Energy Systems, Inc.
634 Crest Drive
El Cajon, CA 92021

, (714) 447-1000

Enersol Company
First International Bldg., Suite 1800
Dallas, TX 75270
(214) 748-8511

,

Enertech Corp.
P. O. Box 420
Norwich, VT 05055

Eppley Labohtory Inc.
12 Sheffield Ave.
Newport, RI 02840'
(401) 847-1020 '

Erie Mfg. Co.
4000 S. 13th St.
Milwaukee, WI 53221

Fafco 'Inc.

138 Jefferson.pr.
Menlo Park, CAN94025
(415), 321.73650

Falbel Ener;gy,Systems Corp.
472 Westover Rd.
Stamford, CT 06902
(203) 357-0626

Flagala Corp.
9700 W. Hwy. 98
Panama City, FL 32401
(904) 234-2141

Flbrida Solar Energy Center
300 State Rd. 401
Cape Canaveral, FL 32920
(305) 783-0300

Ford -Products'Corp.
Ford Products Rd.
Valley Cottage, NY
(914) 358-8282

Friedrich
4200 North Pan Am Expressway
P. 0. Box 1540
San Antonio, TX 78245
(512) 225-2000
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LISTING OF SOLAR ANCSOLAR RELATED FIRMS

Future Systems, Ihc.
12500 14: Cedar Rd. .

LakewoOd, CO 80228
(303) 989-0431

General Atomic Co.
P. O. Box 81608
San Diego, CA, 92138

General Electric Co.
' Space Div.

P. O. Box 8661 Bldg. 7
Philadelphia, PA 19101
,(215) 962-2112

ri

General Energy Devices, Inc.
2991 Weat Bay Dr.
Largo, FL 33540 .

(813) 586-3585

Gbld Inc.

Gould Center
Rolling.Meadows, IL 60008
(312) 640-4000

Grundfus Pump Co.
2555 Clovis Ave.
Clovis, CA 93612
(209) 299-9741

HalstOad & Mitchell
Hwy. 72 West
P. 0. Box 1110,
Scottsboro, AL 35768
(205) 259-1212

Hamilton Research
1836 Lake St.
Glendale, CA 91201
(213) 241-3057

"Hawthorne Induetries, Inc.
1501 South Dixie Highway
West Palm Beach, FL 33401
(305) 659-5400

Helid.Associates
P. O. Box 17940
Tucson, AZ 85731"
.(602) 792-2800

Helios Corporallon
2120 Angus Rd,.

CharTottsville, VA 22901
(8p4) 977-3719

Heliotherm, Inc.
W. Lenni Rd.
Lenni, PA 19052
(215) 459-9030

Heliothermics
10 Delores Street.
Greenville, SC 29605
(803) 277-6581

4

Heliotrope General
3733 Kenora Drive
Spring Valley, CA 92077
(714) 460-3930

Hexcel Corp.
11711 Dublin Blvd.
Dublin, CA 94566
(415) 828-4200

Hi-Tech Inc.
3024 16th Street
Zion, IL 60099
(312) 746-2447

e

'71

I
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SOLAR AND SOLAR RELATED FIRMS (continued)

Highiand Plating Co.
1128 No. Highland Ave.
Hollywood; CA 90038 ,

( ) 469-2289

Hollingsworth & Jackson
2121 Governors Circle
P. O. Box 10899
Houston, TX 77018
(713) 681-4811

Honeywell Inc.
2600 Ridgeway Pkwy.
Minneapolis, MN 55413
(612) 378-2750 .

Hubbell

45 Seymour St.
Stratford, cT 0607
(203) 378-2659

International Business Machines Corp.
Box 218

. Yorktown Heights, NY 1059$
(914) 945-1088

IMC Instruments Inc.
6659 North Sydney Place
Glenda), WI 53209

T Fluid Handling Division
4711 Gulf:Rd.
Skokie, IL 60076
(312) 677-4030

Ilse Engr. Inc.
7177 Arrowhead Rd.

- Duluth, MN 55811

(218) 7294850

Independent Energy Inc.
P. O. Box 363
Kingston, RI 02881

1

Independent Living Inc.
5715 Buford Hwy., N.E.

. Doraville, GA 30340
(404) 465-0927

Industrial Systems Inc.
1121 Fresno
Sari Antonio, TX 78201
(512) 736-2201 ,

1

Ihternational Environment Corp.
83,S. Water St.
Greenwich, CT 06830
(203) 531-4490

International Rectifier
Semiconductor Div.
233 Kansas St.
El Segundo, CA 90245
(213) 322-3331*

International Solarthermia Corp.
Box 397

°Nederland, CO 80466
. (303) 258-3272

Intertechnology Corp.
100 Mein St.
Warrentons.VA 22166
(703) 347-7900

Jackson Mfg. Co.
P. O. Box 11168
Chattanooga, TN 37401
(615) 867-4700

Jacobs-Del Solar Systems
251 South Lake Ave.
Pasadena, CA 91101
(213) 449-2171

Johnson Confrols
Penn Diwision
1302 E. Mcnroe St.
Goshen, IN 46526
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SOLAR AND SOLAR RELATED FIRM'S (continued)

Kalwal1 Corp.
P. O. 8ox

, 'Manchester; NH 03105
(603) 599-1500

Kastek Corp.
8881P. O. Box1

Portiandt OR 97208

Kennecott Copper Corp.
128 Sprring St.

Lexington, MA. 02173. s,

(617) 862-8268.

Largo Solar Systems Inc.
2525 Key Cargo Lane
Ft. Lauderdale, FL 33312 .

(305) 583=8090

Lennox industries Inc.
200 S. 12th Ave.
Mhrshalltown, IA 50158
(515) 7544011 ,

;

Libby-Owns-Ford
(LOF Sol& Energy Systems)
1701 E. Broadway
Toledo, OH 43605
(419), 247-4350

LOF Brothers Solar Appliances
1615 Seventeenth St.
Denver, CO 8029,2

(303) 573-0696 /

MND Inc.
P. O. Box 15534
Atlanta, GA 30333
(404) 873-1812

Mann-Russeli Electronics, Ino.
1401 Thorne Rd.
Tacoma, WA ,98421 . .

(206) 383-1591

March Mfg. Co.

1819 Pickwitk Ave.
' P. O. Box 87

Glenview, IL 60025

Mar-Scot Solar Pac \Systems
10639 S.W. 185th Te race
Miami, FL 33157
(305) 233-0711

-Martin Processing, Inc\.
P. Q. 'Box 5068
Martinsville, VA 2411

(703) 629-1711

Matrix Inc.
537 South 31st St.
Mesa, AZ 85204 ,

(602) 83271380

-

,
2

McDonnell Douglas Astroklautics Co.
5301 Bolsa Ave.
Huntington Beach, CA 92647
(714) 896-4323

I:

Mid-West Technology Inc.
P. O. Box 2638
Dayton, OH 45426
(513) 274-6020

-Mobil Tyco Solar Energy Corp.
16 Hickory Drive
Wetham, MA 02154



SOLAR AND SOLAR RELATED FIRMS (continued)

'Mor-Flo Industries Inc.
18450 South. Milet Rd.
6Cleveland, OH 44128
(213) 663-7300

Motorola, Inc..

Solar Energy Dept.
P. O. Box 2953'
Phoenix, AZ 85062
(602)'244-5511

NRG Ltd.
901 Second Ave. East
Cora1ville, IA 52241.
(319) 354-2033

National Energy Corp.
21716 Kenrick Ave.
Lakeville, MN" 55044

National Plastics, Inc.-
Lab Sciences Divfsion
P. O. Box 1236
Boca Raton, FL 334$2
(305) 392-0501

National Solar Corp.
Novelty Lane
Eisex, CT 06426
(203) 676-1644

Natural Energy Systems
1632 Pioneer Way
El Cajon, CA 92020
(714) 440-6411

Natural Power Inc.
Francestown Turnpike
NewBoston, NH 03070

Navajo Air Equipment Inc.
610 S. 35 th St.
Phoenix, AZ*.

-99-
133

0

New Jersey Aluminum Co.
1007 Jersey Ave.
P. O. Box 73
North Brunswick, NJ 08902..
(201) 249-6869

Northrup, lnc.
.302 Nichols Dr.
Hutchins, TX 75141

(214) 225-4291

O.E.M. Products, Inc.
Solarinatic Division
2413 E. Garden St.
Tampa, FL 33605
(813) 247-5947 .

Olin Brass Inc.
Olin Corporation
East Alton, IL 62
(618) 258-2770

Olympic Plating Industries, Inc.
208 15th Street, S.W.
Canton; OH 44707
(216) 452-8856

Optical ':oating Lab, Inc.

P. 0, Box 1599
Santa RosA, CA 95403

Opto Technology, Inc.
(Sun Trac Corp.)
1674 South Wolf Rd.
Wheeling, IL 60090

Oriel Corp.
15 Market St.
Stamford, CT 06902
(203) 357-1600



SOLAR AND SOLAR RELATED FIRMS (cOntinued)

Owens Enterprises, Inc.
436 North Fries Avenue
P. O. BoX 967'
Wilmington, CA 90744

4

Owens-Illinois Inc.
P. O. Box 1035
Toledo, OH 43666
(419) 242-6543

PPG Industeies, Inc.
One Gateway Center
Pittsburgh, PA .15222
(412) 434-3552

Pacific Sun, Inc.
540 Santa Cruz Ave.

, Menlo Park, CA 94025
(415) 328-4588

, Payne, Inc.
1910 Forest Dr.
Annapolis, MD 21401

(301) 268-6150 .

People/Space Co.
259 Marloboro St.
Boston, MA 02116
(617) 261-2064

R-M Products
5010 Cook St.
Denver, CO 80216
(303) 825-0203

Ranco
601 West Fifth Ave.
Box 8187
Columbus, OH 43201

'44

Ray Pak, Inc.
1111 Agoura Rd.
P. O. Box 5790
Thousand Qaks, CA 91360
(213) 889-1500

Refrigeration Research
525 N. 5th St.
Brighton, MI 48116
(313) 227-1151

Research Froducir Corp.
P. O. Box 1467
Madison, WI 53701 ,

(608) 257-8801

Resource Technology Corp.
151 John Downey Dr.
New Britain, CT 06051
(203) 224-8155 1

Revere Copper and Brass, 'Inc.
Solar Energy Dept.
P. O. Box 151
Rome, NY 13440

44315) 338-2022

Reynolds Metals Co.
P. O. Box 27003
Richmond, VA 23261
(804) 281-3026

Rho S4gma
15150 Raymer
Van Nuys, CA 91405
(213) 342-4376

Roark, C.F., Welding & Engr. Co.
133 N. Green St.
Browsburg,.IN 46112
(317) 852-3163



'SOLAR AND SOLAR RELATED FI6 (continued)

`.40bertshaw Controls Co.
P,0. Box 2000
4190 Temescal St. ,

Corona, tA 91720
(714) 734-2600

Rockwell International
6633 Canoga Avb.
Canon Park, CA 91304
(213) 884-2434

SES, Inc.
One Trailee Industrial'Park
New Wark, DE 19711

(302) 731-0990

S. W. Enter-Tech, Inc.
3030 a. Valley View Blvd.
Las Vegas, NV 89102
(702) 873-1975

Scientific-Atlanta
3845 PleasarOale
Atlanta, GA ,30340
(404) 449-2000'

Scientifico
35985 Row River Rd..
Cottage Grove, OR. 97424

Svcs)
1091 S. W. 1st Way .

Deerfield Beach, FL 33441

(305) 427-0040

Sennercietics

18621 Parthenia St.
Northridge, CA 91324
(213) 885-0323

Sensor Technology, Inc.
21012 Lassen St;
Chattworth, CA 91311
(213) 882-4100

Shaw Pump, Inc.
9660 East Rush'St.
P. O. Box 3336
South El Monte, CA 91733
(213) 443-1784
(213) 283-5156

Sheldahl Co. .

P: O. Box 170
Northfield, MN .55057
(507) 645-5631.

Sigma Research, Inc. -

2950 George Washington Way
Richland, WA 99352

%. (509) 946-b663 .

Siltec C6rp.
3717 Haven Ave.
Menlo Park, CA 94025
(415) 365-8690

410

Simons Solar Envfronmental Systems, Inc.
24'Carlisle Pike
Mechanicsburg, PA 17055
(717) 697-2778

Skytherm Processes Engineering
2424 Wilshfre Blvd.
Los Angeles, CA 90057

' '
A. O. Smith Corp.

. nox 28.

Kankakee, IL 60901

1
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SOLAR AND SOLAR RELATED.TIRMS (continued)

Sol -Ai re

- 465 McCormick St.
San Leandro, IA 94577
(415) 632-5400

Solar, Inc.
P. O. Box 246
Mead, NE \ 68041'

, Solar Age Systems

)1e

P. O. Box 1 9 3
217 E. Hic y
Denton, T 76201

(81 7) 3877 418

Solar-Age
P. O. ,Box 276

N, Liberty, IA 5231 7

(319) 626-2343

Solar American
: P. O. Box 7239

Hampton, VA 23686

Solar Applications; Inc.
7926 Convoy Court
San Diego, CA 92111

(714) 292-1857

Solar Comfort Syitimst, Div.
Suite 606
4853 Cordell Ave.
Bethesda, MD 20014
(301) 652=8941

Solar Control Corp.
5595 Arapahoe Rd.
Boulder, CO 80302
(303) 449-9180.

.4

Solar Controlar, Inc.
P. O. Box 8703
Orlando, FL" 32806

. '( 305) 851-8664

Solar Corp. of America
.100,Main St.
Warrenton, VA 22186
(703). 347-7900

iolar Development,NInc.
4180 West Roads Dr.
Wett Palm Beach, FL 33407
(305) 842-8935

Solar Dynamics, Inc
*2427 E. llth Ave.
Hialeah, FL 33013
(305).688414393

- 4,

oft

N

Solar Electric International, I.
Sarasota Bank Bldg.
Sarasota, FL 33577

Solar Energy Products, Inc.
1208 N. W. 8th Ave. .

Gainesville, FL 32601
(904) 377-6527

Solar Energy Resources Corp.
10639 S. W. 185 Terrace
Miami, FL 33157
(305) 23340711

Solar Energy SYstem's
1243 S. Florida Ave.
Rockledge, FL 32955
(305) 632-6251

e

0.
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SOLAR AND SOLAR RELATED FIRMS (continued)

Solar Thermics Enterprises, Ltd.
110 N. Walnut
Creston,.IA 50801

(515) 782-8566 .

Solar Utilities Co.
406 North Ce6os
Solana 'Beach, CA 92075
(714) 452-8822

Solarator
P. O. Box 277
Madison Hts., MI 48071

(313) 642-9377

Solaro, Inc.
324.S. Kidd St.
Whitewater, WI 53190
.(414) 473-2525

Solarcoa
2115 E. Spring St.
Lcinq Beach, CA 90806
(213) 426-7655

Solarex Corp.
1335 Piccard Drive
Rockville, MD 20850
(301) 948-0202

Solargenics, Inc.
9713 Lurline Ave.
Chatsworth, CA 91 311 .

(213) 998-0806

Solargizer Corp.
220 Mulberry St.
Stillwater, MN 55082
(612) 739-0117

Solaron Mktg. Services Gp.
4850 Olive St.
Commerce City, CO 80022
(303) 759-0101

Solarponics
P. O. Box 1571
San Luis Obispo, CA 93406
(805) 543-3436

Solcan,"Ltd.
126 Wychwood Pk.
London, Ontario, Canada N6G - 1R7
(519) 471-4069

Solec International, Inc.
2 Century Plaza, Suite 484
2049 Century Park East
Las Angeles, CA 90067

Solergy, Inc.
150 Green St.
San Francisco, CA 9411

(415) 398-6813

Sollos, Inc.
2231 S. Carmelina Ave.
Los Angeles, CA 90064
(213) 820-5181

Soltherm Corp.
7 West 14th St.

. New York, NY 10011
(212) 691-4632

Soltrax, Inc.
720 Rankin Road N.E.
Albuquerque, MN 87107

Solus, Inc.
P. O. Box 35227
Houston, TX 77035
(713) 772-6416

Southeastern.Solar Systems
4705 J. Bakers Ferry Rd.
P. O. Box 44066
Atlanta, GA 30336
(404) 691-1864



SOLAR AND SOLAR RELATED FIRMS (continued)

Southern Lighting Mfg. Co.
501 Elwell St.
Orlando, FL 32803
(305) 894-8851

Spectran/Instruments
P. O. Box 891.
La Habra, CA 90631

(213) 694-3995

Spectrolab, Inc.
12484 Gladstone Ave.
Sylmar, CA 91342
(213) 365-4611

State Industries
Cumberland St.
Ashland City, TN 37015
(615) 792-4371

Stolle Coro.
1501 Michigan St.
Sidney, OH 45365
(513) 492-1111

Sun Power Systems, Ltd.
1024 West Maude Ave.
\Suite 203
Sunnyvale, CA 94036
(408) 738-2442

Sun Stone
P. O. Box 941
Sheboygan, WI 53081

(414) 452-8194

Sun Systems, Inc.
P. 0. Box 155
Eureka, IL 61530
(309) 467-3632

Sundu Co.
3319 Keys Lane
Anaheim, CA 92804
(714) 828-2873

Sunearth, Inc.
Sales Div.
Box Sc.
Granlin/Marietta Bldg.
Progress.Drive
Montgomeryville, PA 18936
(215) 699-7892

Sunergy Power, Ltd.
400 W. Main St.
Babylon, NY 11702
(516) 587-0611

Sunglaze, Inc.
P. O. Box 2634
Olympic Valley, CA 95730

Sunpower Systems Corp.
2123 S. Priest Rd.
Suite 216
Tempe, AZ 85282

. (602) 968-6387

Sunstream (6-umman Corp.)
4175 Veteran's Memorial Highway
Ronkonkoma, NY 11779

Suntap, Inc.
Box 754
Arlington Heights, IL 60006
(312) 255-5654

Sunworks,Div. of Enthrone, Inc.
Box 1004
New Haven, CT 06508
(203) 453-6191
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. SOLAR AND SOLAR RELATED FIRMS (continued)

Sunworks, Inc.
669 Boston Post Rd.
Guilford, CT 06437
(203) 934-6301

Swedcast Corp.
7350 Empire nrive
Florence, KY 41042

Technology Applications Laboratory
1670 Highway AlA
Satellite Beach, FL 32837
(305) 777-1400

Texas Electronics, Inc.
P. O. Box 7225
Dallas, TX 75209
(214) 631-2490

Texas Solar, Inc.
6119 Jessamine
Suite 1
Houston, TX 77081

(713) 777-1368

Thermon Manufacturing
P. O. Box 609
100 Thermon Drive
San Marcos, TX 78666
(512) 392-5801 Ext. 239

Thomason Solar Homes, Inc.
6802 Walkermill Road, S.E.
Washington, D. C. 20027
(301) 336-0009

3 M Company
3 M Center

.St. Paul, MN 55101
(612) 733-1110

Tranter
735 E. Hazel St.
Lansing, MI 48909
(517) 372-8410

Turbonics, Inc.
11200 Madison Ave.
Cleveland, OH 44102
(216) 228-966$

Tuthill Pump Company
12500 South Crawford Ave.
Chicago, IL 60658
(312) 389-2500

U. S. Solar Pillow
P. O. Box 987
416 E. Oak
Tucumcari, NM 88401
(505) 461-2608

Unit Electric Control, Inc.
130 Atlantic Dr.
Maitland, FL 32751
(305) 831-41900

United Technologies
400 Main St.
East Hartford, CT 06108

Varian Associates
611 Hansen Way
Palo Alto, CA 94303

Vermont Solar Group, Inc.
P. 0, Box 292
Warren, VT 05674
(802) 496-2983



SOLAR AND SOLAR RELATED FIRMS (continued)

Vinyl-Fab Industries
930 East Drayton
Ferndale, MI 48220
(313) 399-8745

Westinghouse Electric Corp.
Skyline Center
Suite 1307
5205 Leesburg Pike
Falls Church, VA 22041
(202) 833-5950

Wilcon Corp.
3310 S. W. Seventh
Ocala, FL 32670
(904) 732-2550

Willey Corporation
Box 670
Melbourne, FL 32901

(305) 727-2046

Wiltronics
3110 S. W. 7th St.
Ocala, FL
(904) 732-2550

Wormser Scientific Corp.
88 Foxwood Rd.
Stamford, CT 06903
(203) 329-2001

Ying Mfg. Corp.
1940 W. 144 St.
Gardena, CA 90249
(213) 770-1756

York Division
Borg-Warner Corp.
P. O. Box 1592
York, PA 17405
(717) 846-7890

Zome Works Corp.
Box 712
Albuquerque, NM 87108
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APPENDIX D

REFERENCES

This appendix contains a list of. references which have been

utilized during the project. Included are artic1404,books, and

government documents.
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APPENDIX E

SOLAR SYSTEM DESIN AND INSTALLATION TIME.

This appendixtcontains information used with the University of

New Mexico Study and the MITRE study regarding collector area and

installation time. Tables are included for Solar .Domestic Hot Water

and Solar Space Heating/Domestic Hot Water. Data are listed by State

(UNM Study) and by Region (KITRE Study).
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APPROXIMAtE COLLECIOR AREA
REQUIRED FOR 75% SOLARTCMESTIC

HOT WATER
(USED WITii NEW HEXICO tTUDY)

1-ASSIMPTIONS:

80 Gallons/Day Required
Liquid and Air Collectors Produce the Same Energy

STATE

Alabama

Arizona

Arkansas

California

Colorado

Connectittitt

Delaware

Florida

Georgia

Idaho

Illinois

Indiana'

Iowa

Kansas

Kentucky

Louisiana

Maine

.Maryland

Mhssachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

0

.AREA NEEDED (Ft2)

DESIGN' & INSTALIATION
TIME (HOURS)

75

50

75

65

65

95

52

50

52

51

51

54

95 54

65 51

75 52

75 52

95
0

54

95 54

95 54

75 52

95 54

75 52

125 56

95 54

125 56

125 56

95 54

75 52

75 52

75 52

75 52

65 51

125 56



State Area

New Jersey 95

New Mexico SO .

New York 125

North Carolina 75

NorthiDakota 75

Ohio 110

Oklahoma , 65

Oregon 95

Pennsylvania 110

Rhode Island 95

South Carolina 75.

South Etkota 75

Tennessee 75

Texas 70

Utah 65

Vermont 125

Virginia 95

Washington 125

West Virginia 95

Wisconsin 95

Wyoming 75

4 t..
-114- #

Time

54

50

56 ,

52

52

55

54

55

54

55

... 52

52

52

52

51

56

54

56

54

54

52

4
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-4 APPROXIMATE COLLECTOR AREA
REQUIRED FOR 75% SOLAR SPACE

HEATING AND HOT WATER
(USED WITH NEW MEXICO STUIW)

ASSOOTT.ONS:

,80 Gallons/Day of Hot Water
Space Heating Based on Balcomb-Hgdstrom Solar Heating Maps
1500 Ft.4 House with 10 BTU/00/Ftl.

STATE
9

AREA NEEDED (Ft`)
DESIGN & INSTALLATION

Alabama 400 164

Arizona . 390 163

Arkansas 625 183

California 270% 154

Colorado 670 187

ConneFticutt 1030 217

Delaware 780 196

Florida 170 145

Georgia 400 . 164

Idaho 885 205

Illinois 1100 223

Indiana 1030 217

Iowa 1100 223

Kansas 705 190

Kentucky 890 205

Louisiana 400 164 -

Maine 1240 234

Maryland 780 196

Massachusetts 1040 218

Michigan 1190 230

Minnesota 1180 229

Mississippi 400 164

Missouri 775 144

Montana 965
.

211

Nebraska 815- 1/99

1 8-115-



, STATE AREA TIME

Nevada 620 183

New Hampshire 1240 244

New Jersey 890 105

New Mexico 445 168

New York 1290 .238

North Carolina 625 .,183

North Dakota 095 222

Ohio 1100 .223

Oklahoma 570 178

Oregon 890 205

Pennsylvania 110t 223
4.

Rhode Island 970 217

South Carolina 455 169

South Dakota 965 211

Tennessee 705 190

Texas 400 164

Utah 700 189

Vermont 1290 238

Virginia' 745 193

Washington 1040 218

West Virginia 976 212

Wisconsin 1180 229

Wyoming 775 196

1/4

P**
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,

)

!ABGION

DOMESTIC HOT
(UBED WITH MITRE

WATER ONLY
STUDY)

'SIZE TIME

a

Boston 64 52

MashinitAn 64 52

Albany 64 52

Los Angelies 56 54

Charleston 64 52

Bismark 48 50

Nashville 64 52

Fort W4th 64 52

Omaha e;

i
64 5,2

Seattleq ;; 48 50

Phoenix.

Miami

48

56, /

50

'54
a.

,Madison 64 52

Chicago 48 50

Cape Hatteras 64 52

Atlanta 80 53



IL

\ iar WATER AND SPACE HEATING COMBINED
(USED WITH MITRE STUDY)

REGION SIZE TIME

Boston. 360 171

Washington 288 165

Albany 450 179

Los Angeles 320 168

.

Charleston 112 151

Bismark 450 179

Nashville 240 161

.Fort Worth 128 162

Omaha 450
.

179

, A162
Seattle 250

Phoenix 96 149
.4

Miami 96 149

lqadison 450 179

Chicago 550 187

Cape Hatteras 160. 163

Atlanta 176 ,164



b.

...APPENDIX t

,

SOLAR FEASIBILITY' MAPS, UNIVERSITY OF NEW MEXICO STUDY

This appendix contains maps of the.United States indiating in

'which year solar energy is expected to become econcmicali:vfeasible.

Maps are included for domestic hot water systems and for space heating

systems.

'4'41



SOLAR FEASIBILITY

DOMESTIC HOT WATER*

(Real Interest Rate - 2.5%)

":. z j--

. ;

*Fixed Costs: $300
Variable Costs: $11.00/ft2
Operation & Maintenance: 1.07,/yr
System Life: 20 years

)°< 198
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SOLAR FEASIBILITY

RESIDENTIAL SPACE HEATING

Standard Air System*

(Real Interest Rate - 2.5%)

*Fixed Costs: $1100
'Variable Costs: $9.50/ft2 in 1976

decreasing to $8.00/ft2 in 1990
Operation & Maintenance: 0.75%/yr
System Life: 30 years

-121- 5
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APPENDIX G

EXISTING AND PROJECTED HOUSING STOCK

This appendix contains statistics on single-family housing units.

The data were compiled from the 1972 OBERS Projections and The 1970

Census of Housing, and are arranged by State.



-t

Housini Statistics Summary *

Jercent of 1970 Sinele-
U.S. Projected Taally;Hggling

Population Growth Stock

Single-Family
Units as a Percent

of the Total t

Single-Family
Adjustmen1 Units as s Per-

Ratio Tt cent of the
U.S. Totalttt

Alabama 1.31 929 83.3 1.16 1.92
Arisoma 2.15 426 73.6 1.02 1.03
Arkansas j .82 577 85.4 1.19 1.18
California 11.82 4696 67.3 .93 10.15
Colotado . 1.57 534 72.0 1.00 1.18
Connactiut 1.59 572 59.1 .82 1.25
Delaware .37 133 75.9 1.05 .29
Florida 9.80 1740 69.9 .97 4.31
Georgia 3.09 1107 75.5 1.05 2.42
Idaho .05 192 80.8 1.12 .37
illinois 4.55 2197 39.5 .83 4.63
Indiana 2.74 341 78.3 1.09 2.83
Iowa .

.38 783 82.0 1.14 1.88
Kansas .08 645' 81.9 1.14 1.24
Kentucky 1.80 850 80.2 1.11 1.80
Louisiana .69 897 78.3 1.09 1.78
Maine - -..01 230 68.3 .95 .44

Maryland 3.17 852. 69.0 .96 1.94
MAssachusetts 2.79 925 50.4 .70 2.05
Michigan 4.13 2162 76.1 1.06 4.34
Minnesota '1.73 895 73.5 1.02 1.88
Mississippi .55 598 85.8 1.19 1.20
Missouri 1.77 1228 73.8 1.02 2.52
Montana ' .08 180 74.8 1.04 .35
Nebraska . .16 408 79.7 1.11 .72

Nevada ,63 105 61.0 .85 .26

New Hampshire .42 158 63.8 .89 .36

New Jersey 4.10 1334 57.9 .80 2.96
New Mexico .27 263 81.8 1.13 .53

NW York 6.37 2487 v40.4 .56 5.39
North Carolina 3.25 1341 82.9 1.15 2.89
North Dakota - .13 149 74.5 1.03 .27

Ohio 4.56 2482 72.0 1.00 5.19
Oklahoma 1.0 798 85.1 1.18 1.62
Oregon 1.03 570 77.5 1.08 1.19
Pennaylvenia 2.72 2821 72.8 1.01 5.75
Rhode Island .29 '.. 159 51.7 .72 .34

South Carolina .88 669 83.1 1.15 1.40
South Dakota - .04 178 80.4 1.12 .34

Tennessee 2.98 1041 80.3 1.11 2.29

Texas 5.51 3069 80.6 1.12 6.41
Utah .57 234 75.2 1.04 \ .51

Vermont .17 99 66.4 .92 .21

Virginia 3.51 1112 74.9 1.04 2.48
Washington .93 913 75.8 1.05 1.83
West Virginia .23 491 82.9 1.15 .96

Wisconsin 1.37 999 70.7 .98 2.04
Wyoming .00 86 75.0 1.04 .36

*Statistics contained in this Table were computed by the authors from dara ac-
quared from the 1972 OURS Projectiona (Series E) and tha 1970 Census of Houaing.

**Based upon An increase of u2, 181, 136 for the ration as a whole from 1970 to
1990. May not add t* 100.0 (one-hundred percent) due to round-off errors plus
the exclusion of Alaska, Hawaii, and the District of Columbia.

***Expressed in thousands

tExcludes mobile hcmes for esch state. Derived by dividing the number of single-
family units by total housing inventory. The national average vas 69.4 percent.

1.0tepresents the ratio of each state's single family units percent of the total
housing stock (for that state) to the nationol average of 71.8 percent (Alaska,
Hawaii. and District of Columbia excluded) . See the text for a fuller explana-
tion. Due to round off errors soma of the computed percents may not reflect the
actual percents.

ttt Represents each state's percentage of the nntional single-family housing --.
ventory in 1970. Mobile homes are excluded from the data. PercA.tts will n(

add to 100.0 due to round off errors &net the excl4sion of Alaska, lawaii, and
the rxtrict of Columbia.
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EstusTig or 1976 Ggogg AND NET-SINGLX FAMILY DETACHED HOUSING STARTS

(.9 Killion)

Crest

Staten Rousing
Starts

Net
Rousing
Starts

Percent
of the.

Total (1976)

Alabama 16.020 11.707 1.57

Warms 17.123 14.704 3.09

Arkansas 9.148 6.506 1.46

California 96.692 73.786 1.79

Colorado 13.206 10.523 2.10

Connecticut 11.534 8.715 1.73

Delaware 3.290 2.626 2.12

Florida lc 73.654 63.502 3.17

Georgia 127.136 21.663 2.10

14sho 1.170 0.364 .60

Illinois 35.479 25.103 1.44

Indischs 26.285 19.899 1.74

lova 33.783 29.325 3.32

Kansas 3.272 0.591 .50

Rentucky 17.439 13.367 1.82

Louisiana 8.947 5.034 .95

Maine 0.847 -0.048 .39

Maryland 24.756 20.23 2.38

Maas. 17.626 13.034 1.62

Michigan 39.369 29.174 1.63

Minnesota 16.045 11.823 1.61

Miesissippi 2.062 4.419 1.12

Missouri 12.999 12.093 1.33

:tontine 1.299 0.534 .70

tiebtaska 2.908 1.177 .70

Nevada 4.237 3.588 2.96

Nev limp. 4.294 3.469 2.23

Nev horns, 28.677 21.995 1.82

New X.41co 3.204 2.036 1.15

Nov fork 39.299 23.848 1.26

N. Cardlina 31.399 25.031 2.05

N. Dakota -0.320* -0.894 . .23

Ohio 42.001 30.380 1.52

Oklahoma 11.492 7.892 1.34

Oregon 10.085 7.413 1.60

Penn. 37.328 24.586 1.23

Rhode Is. 2.631 1.866 1.45

S. Carolina 12.762 9.606 1.71

S. Dakota 0.392 -0.327 .22

Tennessee 27.449 22.214 2.25

Texas 55.595 41.202 1.63

Utah 5.787 4.617 2.11

Vermont 1.505 1.047 1.38

Viriimia 30.070 24.398 2.27

Washington 10.576 6.526 1.09

V. Virg3nia. 3.903
. .

1.805 .77

Wisconsin 13.546 9.012 1.25

waning 0.354 0.0 .f.1

Gross
Housing
Starts

MDPORIT,
-(1.3 Million)

het

Housing
tarts

Percent
of the
Total (1976)

Gross
Housing
Seam

NIGH

Psrcent
of the
Torsi (1976)

(1.7 Million)

Net
Housing
Starts

23.313 14.414 2.27 30.906 14.742 3.01
23.691 18.12 \ 4.23 28.445 18.516 5.07
13.413 8.020 \:NI 2.13 18.024 8.193 2.86
138.954 90.948 " 2.56 179.980 92.916 3.32
18.729 12.970 2.97 23.60 13.251 3.74
16.624 10.742 2.49 21.652 40.975 3.24
,4.664 3.237 2.99 5.883 .3.307 3.76

101.748 78.272 4.34 121.784 79.966, 5.18
38.554 26.702 2.97 48.680 27.279, 3.74
1.979 0.449 1.01 3.289 0.458 1.69

52.094 20.941 2.10 70.178 31.611 2.84
37.864 24.527 2.50 49.262 25.057 9.25
46.557 36.146 4.54 55 492 36.928 5.39
3.773 0.728 .89 10.091 0.744 1.55
25.027 16.476 2.60 32.335 16.833 3.35
13.864 6.205 1.47 20.417 6.339 2.17
1.700 -0.059 .74 3.207 -0.061 1.40

34494 25.003 3.32 43.157 25.544 4.12
25.564 16.065 2.35 33.683 16.413 3.09
57:065 35.959 2.36 75.106 36.737 3.10
23.295 14.572 2.32 30.750 14.888 3.04
10t694 5.447 1.69 15.181 5.565 2.40
26.226 14.906 1.96 35.906 15.229 2.68
2'1124 0.658 1.15 3.379 0.672 1.83
4:784 1.451 1.14 7.600 1.482 1.82
5.833 4.422 4.07 7.037 4.518 4.90
6.063 4.276 3.13 7.590 4.369 3.91-

41.148 27.111 2.60 53.144 27.698 3.36
4.835 2.509 1.72 6.825 2.563 2.44
53.395 29.395 1.87 73.917 30.031 2.59
44.894 30.853 2.90 56.891 31.521 3.67
-0.096 -1.102 .07 0.767 -1.126 .54

61.297 37.446 2.22 81.686 38.257 2.95
17.013 9.716 1.98 23.253 '9.926 2.70
14.651 9.137 2.31 19.365 9.335 3.05

55.833 30.305 1.83 77.663 30.961 2.55
3.860 2.300 2.12 5.194 2.350 2.85

18.414 11.840 2.46 24.032 12.097
,.

3.21
0.915 -0.403 .52 2.044 . -0:412 1.17

38.734 27.381 3.15 48.432 27.973 3.94

80.581 50.786 2.36 106.049 51.884 3.10
8.204 5.691 2.98 10.350 5.815 3.76

2.221 1.290 2.03 3.017 1.318 2.76

42.398 30.073 3.19 52.926 30.714 3.97

16.066 8.1144 1.65 22.527 8.218 2.36

6.268 2.225 1.24 9.727 2.274 1.92

20.212 11.108 1.86 27.997 11.348 2.58

.0.661 0.0 .77 1.227 0.0 1.43



PEND X 11

. CONTRACTORS' SURVE STATISTICAL ANALYSIS

This appendix contains the methodology and results of the

statistical analysis of data obtaine by surveying contractors, Flow

chart is given for the computer program used in carrying out the.

analysis.
%.
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APPENDIX H

STATISTICAL ANALYSIS OF CONTRACTOR SURVEY RESPONSES

FORMANHOUR REQUIREMENTS PER SOLAR SYSTEM

.441444,

A statistical analysis was conducted to show the time requirement

*for eadh stage in a solat system (design, installation, maintenance and

repair). Names and addresses of persons identified as potential solar

contractor/builders and solar installers were obtained from:

1. National Solar Ileating and Cooling Information Center.

2. Solar Energy Industries Association.

3. The Bureau of Housing and Urban Development, and ERDA

demonstration projects.

4. Solar seminars and solar conferences.*

5. Solar energy societies of several states.

Data were collected nationwide using the contractor survey form'

(Appendix J). The first part of the form asked questions regarding

system type and the application area with which the reppw:aint would be famil-.

iar. The second half contained questions on system size and time

requirements. The statistical analysis was performed on the data

extracted from the second half to derive the functional relationship

between the time requirement and system size.

SurveyStatistics

Six hundred and sixty-five forms were mailed. Twenty-five forms

were returned unopened because of incorrect address, no forwarding address,

or addressee unknown. Thirty-one percent of the list responded to

the survey. 22.4% of the respondents supplied no information for the

following reasons:



4410

1. "Not qualified to fill out such forms."

2. "tot in business."

3. "Haven't installed any system yet."

4. "Only do design work for solar energy system."

5. "Don't fill out such forms."

6. "Studying socio-economic aspects of solar energy."

15.6% of the respondents supplied,inconclusive information.

Therefore, the conclusions are based on sixty-two percent of the response.

Fifty percent of the responses were based on new installations.

More than seventy-five percent of the responses were based on application

in residential sectors, which supports assumptionarmade by the equipment

group. 22.5% of the responses were based on commercial market.

Seventy-three percent of responses wtre based on liquid systems, and

27% of responses were based on air,systems. Ninety percent of responses

were.on flat-plate collector Systems. The concentrating tracking and

.1 stationary collectors were used in less than 10% of the responses.

One question asked on the contractor survey form .was, "How many

persons are doing solar related work\n your firml" Respot to this

question determined that most firms employed 2 to 5 persons'for solar

related work.

The contractor survey form.also asked, "Would you hire a solar

designer and/or installer, if such a persons were available?" Response

to this question was as follows:

160
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54.5% of respondents were willing to hire, if business

growth warranted.

2. 35% of respondents had no particular need because of

insufficient business.

3. 5.7% of respondents said no, because they wanted to train

people themselves.

4. 4.8% of respondents did not answer the question.

Statistical Analysis,

To determine the manhour requirement per installation, the data

were divided into groups as shown iniFigure H.1. These groups were based

on the assumption that the manhour requirement for an installation may

'vary with

(1) building type (new or retrofit),

(2) sector (residential, commercial, etc.),

(3) application (domestic hoi water (DHW), and space heating (SH).

Therefore it was decided to perform statistical analysis of these

groups separately.

Manhour requirements for each installation were divided into fOur

parts: manhours required for Design (tD), Installation (tI), Maintenance

(tm), and Repair (tR). These four variablesAre assumed to be dependent
1

on the size of collectors (s); therefore, there are four distinct sets

of figures in each group for statistical analysis. Step by step proce-

dure for analysis Of these sets is shown in Figure H.1.

As a first step, the correlation co-efficient r
st

was obtained for

each set using the program CORRE. The value for t-staiistics derived

from r easily determined at what significance level the total collector
st

are (s) and the time (0 are related. When the significance level
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was 95% or above, a stra!ght line fit of the data was obtained through

the linear regression program MULTR. An analysis of variance table was

also obtained and the F-statistics value was calculated. "Lack of Fit"

test gave the confidence lever for the straight line fit obtained. If '

the confidence level was 95% or better, the errors in predictions were

I

estimated, and the Z-tes for the adequacy of the sample size was performed.

If ;he sample size is adequate for predictions with a 95% confidence level,

then there exists a relationship between the time and the total collector

area. This relationship may be used to predict time-values for systems

with given values of totalicolleCtor area. (t is a function of s.)

If the significance level for correlation is less than 95%, (or

tht total number of observations less.than 5), the data points are

plotted on a graph to check the possibility of a non-linear model.

If linear regression passea the "Lack of Fit" test with less than

a 95% confidence level, then several non-linear models were tested and

checked. These results are discussed next.

Results

Very little information'is available on new as well as retrofit

residential space heating systems (groups C and 14\ n Figure 11.1). There-

fore, the results of analysis on other groups are presented here.. For

convenience,,the results on design data from all four groups are presented

first, and then results on installation, maintenance and repair follow.

The results of the statistical analysis supported the assumptions made

by the equipment group:

1. The solar demand in the residential sector will grow faster than

demand in any other sector.

2. Systems using flat-plate liquid collectors will dominate the

residential market.
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The .study of design procedures indicates that design time is fairly

constant for a type of system, independent of the size. The same result

was obtained through statistical analysis. The hypothesis that the design

time is independent of total collector area could not be rejected for new

space heating/domestic hot water (SH/DHW) design data, retrofit DHW design

data and retrof.L SH/DHW design data. The hypothesis was rejected for new

DHW design data; the percent variability of the data explained was low and

Z-test indicated that the sample size used in analysis is not adequate for

accurate predictions. Thus, there was insufficient evidence to accept

the hypothesis. For small variations in the total collector area, the

design time\for new DHW systems was almost the same, when 95% confidence

level bands were considered in the calculations. Thus the design time is

considered to be constant for all groups. The data on design time is

depicted in Table H.2, and the results of regresslon analysis are shown

in Tables H.3, H.4, H.5 and H.6. In Figures H.3, 11.4, H.5, 11.6, and H.7,

where 95% confidence level bands are also drawn, the design time for the

typical domestic hot water system is 15.3 ranhours (new) and 18.62 man-

hours (retrofit). The total collector area for the typical DHW system

is 50 square feet. The design time for the typical space heating and

hot water combined system with 300 square feet total co1lyctor area is

53 manhours (new) and 24 manhours (retrofit).

That the installation time is a function of the total collectot area

accepted for this project because the hypothesis of independence of

installation time and collector area was rejected with sufficient evidence

for all installation data. Table H.7 summarizes the response data on

installation time versus collector area for each type of construction and

each type of system. The tables 11.8, H.9, H.10, and H.Il show the results

of reg-ession analysis on these data. The plots of the best fit equation

lrr
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,1 TABLE 11.2

RESPONSE DATA ON DESIGN TIME VERSUS TOTAL COLLECTOR AREA

NEW RETROFIT

DHW SH/DHW SH/DHW

COLLECTOR AREA
(x)

23
48

80
58 '

252
28
15

36

166

DESIGN TIME

(y)

2

2

40
2

60
20

15

10

COLLECTOR AREA
(x)

490
1053
4500
720
148

176

360
724
1200
864

64

128

638
240

400
276

384
225

468
294

180
378

360
432

320
840

DESIGN TIME

(y)

20

60

200
100

10

65

40

50

100
N 128

8

8
40

32

30

35

14

60

10

20

15

75

100
35

100
24

COLLECTOR AREA
(x)

1000
40

50
40

43

68

264
44

65

DESIGN TIME

(y)
40

12

12

30
7

8

45

8

COLLECTOR AREA
(x)

66

96

128

64

96

420

DESIGN TIME

(y)
5

10
3

8

8
8

167



EQUATION

TABLE H.3

RESULTS OF REGRESSION ANALYSIS ON NEW DHW DESIGN DATE

A 13 RES ERROR . R-SQUARE MAX DEVIATION

Y = A * X
0.25415

Y =A+B* X
3.63082

Y = A * EXP (B * X)
4.73824

Y = 1/(A + B * iC)

0.29955

Y = A + B/X

1 34.36414
1...

w
..,:-

1 Y = A + B * LOG(X)
-51.62577

Y = A * X
B

0.54425

Y = X/(A + B * X)
0.28809

154.75700 0.69920 19.66831

0.22924 145.19933 0.71777. 18.03032

0.01019 205.35751 0.60084 29.28911

-0.00105 347.78824 0.32400 35.13691

-536.56295 383.89903 0.25381 27.76508

18.51997 214.56055 0.58296 18.82477

0.74657 298.28567 0.42022 26.22481

0.2.148 735.05425 -0.52592 55.29674

EQUATION'Y = A + B * X riAS MAXIMUM R-SQUARE

EQUATIONY=A+B*XHAS MINIMUM (MA=UM ABSOLUTE RESIDUAL)

1 66
16(t)



TABLE H.4.

RESULTS.OF REGRESSION ANALYSIS ON NEW SH/DHW DESIGN DATA

EQUATION
A

Y = A * X
0.05640

YrA+B* X
28.29849

Y = A * EXP (B *,X)
26.21621

0.04011

0.00056

RES ERROR

1505.31186

942.59361

1799.04162

R-SQUARE

, 0.29652

0.55949

0.15925

MAX DEVIATION

81.95226

58.87638

120.10142

Y = 1/(A + B * X)
0.04903 -0.00002 4344.17200 -1.03018 253.99434

Y = A + B/X
75.16252 -6572.02025 1702.21848 0.20450 126.29794

Y = A + B * LOG(X)
-166.52911 36.55584 1139.20195 0.46761 59.02750

Y = A * XB
0.56945 0.69495 985.46792 0.53946 68.63725

Y = X/(A + B * X)
8.16295 0.01202 1899.99189 0.11207 127.70401

EQUATIONY=A+B*XHAS MAXIMUM R-SQUARE

EQUATIONY=A+B*XHAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

1 7 (J
I 71



TABLE H.5.

RESULTS OF REGRESSION ANALYSIS ON RETROFIT DHW DESIGN DATA
&-/

EQUATION ,

A

Y = A * X .

0.05118

Y =A+B* X

B

,

RES ERROR

309.33828

R-SQUARE

-0.13002

MAX DEVIATION

31.48930

12.77679 0.03222 155.28586 0.43274 23.71618

Y = A * EXP(B * X)
10.38440 0.00156 198.63873 0.27437 29.32327

Y = I/(A + B * X)
,

0.11082 -0.00010 397.62213 -0.45252 34.74224

Y = A + B/X
1

1-. 38.24158 -1174.41668 146.29083 0.46560 21.11884
L0)
ON
1 Y =A+B*LOG(X)

-28.06523 10.56554 117.61366 0.57035 19.09021

Y = A * X
B

1.59940 0.48735 139.88648 0.48899 20.78234

Y = X/(A + B * X)
2.61123 0.04957 250.30750 0.00562 28.18276

EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y = A + B LOG (X) HAS MININUM (mAnnum ABSOLUTE RESIDUAL)

173



TABLE H.6. RESULTS OF REGRESSION ANALYSIS ON RETROFIT SH7DHW DESIGN DATA
4.

EQUATION
A

Y u A * X
0.02874

Y miA+B* X
6.65269 0.00240

RES ERROR

36.12858

7.86587

R-SQUARE

-3.51687

0.01677

MAX DEVIATION

7.24064

/

3.95928

Y u A * EXP(B * X)
6.10041 0.00046 8.19804 -0.02475 3.62513

Y 1/(A + B * X)

0.18083 -0.00009 9.42976 -0.17872 4.19866

Y m A + B/X
7.16032 -15.56387 7.99268 0.00091 4.03872

Y mi A + B * LOG(X)
5.68436 0.27325 7.95346 0.00582 4.03444

Y A * XB
5.40706\\ 0.03957 8.29414 -0.03677 3.55170

Y X/(A + B * X)
-1.30298 0.16148 9.73341 -0,21668 4.04422

EQUATION Y im A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

174
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A

PARAMETERS

FIGURE 11.3 PLOT OF BEST FIT EQUATION FOR NEW DHW DESIGN DATA

Y .BA+B* X E + 1

A m
3.6308165733a

B

0.229235841002

R-Square =
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FIGURE H.4. PLOT OF BEST FIT EQUATION FOR NEW SH/DHW DESIGN DATA

PARAMETERS

Y ..A+B* X E + 2

A =
28.2884867493

B =
0.0401097793813

R-SQUARE =
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RES ERROR
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PARAMETERS

Y = A + B * LOG(X)

A =
-28.0652290566

B =

10.565544804

R-SQUARE =
0.570354824341

RES ERROR
117.613661895

MAX(ABS(RESIDUAL))
19.0902079075

Pi I

FIGURE 11.5 PLOT OF BEST FIT EQUATION FOR RETROFIT DHW DESIGN DATA

COLLECTOR AREA (square feet)



PARAMETERS

Y = A + B * X

A =
A2.7767860249

B =
0.0322236219184

R-SQUARE
0.432737494857

RES ERROR
155.28585941

,1AX(ABS(RESIDUAL))

23.7161777887

1S

FIGURE 11.6 PLOT OF LINEAR FIT EQUATION FOR RETROFIT DHW DESIGN DATA
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'PARAMETERS

Y =A+B* X

A =
6.65268718322

B =
0.00239526080541

R-SQUARE =
0.0167668256379

RES ERROR
7.8658653949

FIGURE 11.7. PLOT OF BEST FIT EQUATION FOR RETROFIT SH/DHW DESIGN DNEA

[ +1

m
i..

MAX(ABS(RESIDUAL)) ..:1

o
3.95929056631 A*0

g

1 S
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F.3.00

+2.00

+1.00
to,'

1

...NO

95% Confidence
Bands

sox..
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Irt.1
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TABLE 11.7

RESPONSE DATA ON INSTALLATION TINE VERSUS COLLECTOR AREA

DHW

COLLECTOR AREA
(x)

23

48

50

252
60

15

48

48

36
.A".

1,Bu

NEW

SH/TR

RETROFIT

DHW SH/DHW

INSTALLATION
TIME (y) .

COLLECTOR AREA

(x)

INSTALLATION
TIME (y)

CZ1LECTOR AREA
(x)

INSTALLATION
TIME (y)

COLLECTOR AREA
(x)

22 480 300 1000 900 64

16 4500 1750 40 26 96

24 720 260 50 24 420

400 148 42 40 48 128

32 176 200 43 54 240

38 576 280 68 90 320

32 360 80 44 64 66

6 724 125 65 48 96

20 468 360 40 26 470

740 .225 50 58 96

864 200 64 96 128

64 24 80 40

128 32

840 320
429 280
630 240
240 75

400 200
276 150
384 64
225 140
468 124
700 180

294 80
42 25

180 200
800 80
373 75

360 180
1260 160

432 80
360 56
256 23

INSTALLATION
TIME (y).

24

24

120

120

80
160
30

46
100
20

120

1B7



TABLE 11.8.

RESULTS OF REGRESSION ANALYSIS ON NEW DHW INSTALLATION DATA

EQUATION
A

Y A * X

B RES ERROR R-SQUARE MAX DEVIATION

1.39822 1979.17653 0.89097 51.89331

Y aNA+B* X
-42.35854 1.70785 729.01199 0.95984 46.74030

Y = A * EXP(B * X)
12.31047 0.01340 316.94330 0.98254 39.31952

Y 1/(A + B * X)
0.06701 -0.00025 6144.83362 0.66148 205.48958

I

I-., = A + B/X
x.
1

158.68697 -3392.99688 13919.84883 0.23315 254.77730

Y A + B * LOG(X)
-448.69803 135.04930 5644.03788 0.68907 112.97775

Y = A * X
B

0.59113 1.01967 7992.57195 0.55969 233.91937

Y = X/(A + * X)
0.12699 0.04811 20663.64726 -0.13837 379.42795

EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATIOk Y = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

1.89

183



TABLE H.9.

RESULTS OF REGRESiION ANALYSIS ON NEW SH/DHW INSTALLATION DATE
1

EQUATION
A

Y A * X
0.35933

YA+B* X

B RES ERROR

10876.60710

R-SQUARE

0.87799

N

MAX DEVIATION

292.75855

-8.55312 0.36490 10827.74484 0.97854 291.21509

Y A * EXP(B * X)
81.68933 0.00078 42131.79116 0.52738 1013.52783

Y u 1/(A + B * X)
0.01453 -0.00001 124600.70485 -0:39774 1857.07839

Y es A + B/X
269.24568 -18109.29517 82083.60696 0.07921 1484.77861

Y A + B * LOG(X)
-1088.58784 216.10105 53448.24005 0.40043 1020;78193

Y A * XB
1.07497 0.80115 30628.46473 0.65642 841.83930

Y X/(A + B * X)
1.86759 0.00440 85631.21444 0.03941 1542.20979

EQUATION Y A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

191



TABLE 11.10.

RESULTS OF REGRESSION ANALYSIS ON RETROF/T DHW INSTALLATION DATA

EQUATION
A B

:' Y A * *
\ 0.30076

1

\)e,. A + B * ic

\ 2.00568 0,09768

Y so A * EXP(B * X)

36.70688 0.00323

Y m 1/(A + B * X)
0.02773 -0.00003

1

,

t.... .Y . A + B/X

"F 634.77753' -28026.20652

1.

, Y A +,B * LOG(X)
, -1008.37497 269.4285

Y A * X
B I

a 0.79510 1.01626

* ,

Y A X/(A:f B *.X)
1.38446 -0.00130

i

RES ERROR R-SQUARE MAX DEVIATION

562.11034 0.99160 .38.35136

559.26020 0.99166 . 36.54253

721.37552 0.98922 50.37653

,

805573.04540 -11.03309 2836.85786

24053.35507 0.64071 293.24862

: ' 3925:18782 0.94137 132.26812

490.65626 . 0.99118 41.55255

11322888.51070 -169.13339 10640.60126

EQUATION Y A + B * LOG(X).11AS MAXIMUM R -SQUARE

EQUATIbN Y se A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

193
19;.;



TABLE 11.11.

RESULTS OF REGRESSION ANALYSIS ON RETROFIT SH/DHW INSTALLATION DATA

EQUATION
A

Y A * X '

.s

B

.1.4%

RE'S ERROR R-84UARE
'..1

1

MAX DEVIATION

0,33645

Y A+BOX
34.08833

aft,

0.22082

2098.38468'

(

1608.36803

0.24489

0.4122

.76.93404

57.64631

Y A * EXP(B * X)
29.94871 . 0.0,0358 2226.16347 0.19891 72.61888

Y 1/(A + B * X)
0.03602 -040007 22272.96753. -7.01500 418.67745

Y to A + B/X
14:1.18698 -8172.63363 1063.07997 0.61745 . 42.35250

Y me A + B * LOG(X)
-181.40716 51.45140 1247.51848 0.55168 51.76341

Y
--92829. 0.83035' 1740.56022. 0.37363 67.83171

Y X/(A + B * X) 1,$

2.64330 0.00652 1992.76110 0.28290 72.76263

EQUATION Y A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATIONY0A+B* LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

195



(and)linear'fit, if requirea are shown.

The initallation time fpr a typical DHW system was, 44 manhpurs

(for both, new and retrofia, whiZe the installation time for a typic41-
,

SH/DHW system was 183 manhours (new) and 121 manhours (retroflt).( The
44.

oe. installation-time fbr a typical DHW as relatively the same', but varied
N,

considerably foi the typical Sg/DHW. This may be b'ecause of the typefof

9

constrUction.

4

In preliaring,the task amilysis, it was 'learned that mainienance

similar to design time, should be the same for systems witb smail varia-

-tions in the'ptal collector liras. Thestat&stical analysis supported

4is, conclusion. The hypothesis that the-,maintenance time is independent

of total collector ar,qa was, accepted to insufficient evidende for dependence.

(Statistical t-tests, sample-size Z-tests an4the variabilitY of data

eiplained). Insufficient infokmation was available on the maintenance

timeofretrofittedSH/DHWsystems.ThV response data on maintenance time

versus collector area is 4listed in,Table H.12. The results of:regression

analysis on these data are shown in Tables H.14 and 11.15, and the .

plots of best fit and linear fit are.shown in Figures H.12", H.13 and H.14.

The maintenance,times for typical DHW systems were 7 manhours (new) and

2 manhours (retrofit), and for typical SH/DHW systems it is 9 manhours.

'Little information was available on the repair time of a system because

of the random nature of the repair problems encountered,and the inability

tp predict, in advance, the time requirement for that problem. Furthermore,

no records of repair, at present, have been kept by solar contractors.. --

Limited data on repair time are available forinew SH/DHW systems and the

analysis Kedicted approximately 7 manhours were required for the repair .

of newOtypical SH/DHW system.

It is evident from this statistical analysis that the solar energy

industry is not mature enough at present to provide a statistically large

-14'8- 19
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TABLE 11, 12

4ESPONSE DATA ON MAINTENANCE TtME VERSUS TOTAL.COLLECTbR iiREA

4

-9

.NEW.

COLLECTOR A1'EA0MAIRTENANCE

21
48

'80'

50
252

1.9 e;

TIM (y)

1
2

?

2

28

SH/DHW

.

COLLECTOR ApA
(x)

480
1053
.720
148
1,76
576

1200
864
429

t6
40
27
'225
468
700
2;94
304

42

368
720

432

RAIgTENANCE
TIME (y)

5

8

. lp
4'
3

TO
40
20

8
20

5
5

12
10

4

16
24

2
14

!. 3

30
2

COLLECTOR AREA.
(x)

1000
40
56
40 L.
50
64
80

,

RETROFIT

/

-MAINTENANCE
TIME (y)

120

1
3
2

1

4

Ii

COLLECTOR AREA MAINTENANCE
TIME (y)

I4

I.

NO DATA

.

AVAILABLE'
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TABLE H.13.

RESULTS OF,REGRESSIONAL ANALYSIS ON NEW 151aMitINTENANCE DATA

,' .

EQUATION
. A 1 RES ERROR: 4 R-SQUARE

. 4
u

J

.)
,.

Y, A # X
,

4
. .

0.07841

Y . A'+ B * X .

/ ' -1.10791 .
.

Y' A. ** 01EXP' * 4

i

.

Q.:08508
.

t 1:24911, 0.01181 . (44

1/(A + B * X)
. 0.78645 -0.00300'.

.
. .

C
,.., Y A + B/X

.
.

CD 4 15.b0279 . -4,16.88840 34.95154 0.58913Ln

1 . 4

i A + B * LOG(X)
-29.29739 8.61428 `c. 7.91835 0.90692

B
Youli* X

,
O.01419 1.33156 5.36150 0.93697

Y X/(A + B * X) .

25:21952 -0,07332 105.69798 . -0.24253

4 3.49518 0.95891

' 2.56537
.

,- 0.96984

14.52654 0.82923
4

56p.57081 -5:58978

EQUATION Y A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y A' + B * LOG(X) HAS MINIMUM (MAX1MUMABSOLUTE.RESIDUAL)

19)

I.

MAX DEVIATION

1.92028

2.30181.

4.78727

40.8309

.6.65153

V.

3.27737

3.14553

17.37806

1

Px

4



C.
gr:

EQUATION
A

YoBAIIX
' 0.02190

Y.= + B * X
1.23639

Y ea A * FZCP(B * X)
3.40520

TABLE H.14.

RESULTS OF REGRESSION ANALYSIS ON NEW SWIM MAINTENANCE DATA
P

4

0:020q3:

0.00167

.de

'Y 1./(A +"B * x)

0 0.29963 1.Q0025

Y el A +.B/X
13.48087 -659.02347

.Y A + B * LOG(X)
-28.18779 6.55753

YIIIA*XB.
0.15620 10.65136

Y ex/ (A + B * X)
17.14464 0.11685

s.

EQUAT,TON Y + B k LOG(X) HAS* MAXIMUM R-SQUARE

RES' ERROR R-SQUARE
/2

.5!

s,-,,,T.-.;

g..

t
MAX DEVIALCON

°. 70.79189

70.37220

72.36314

0.33?60

0.33755

04,1880

)
4..

17.34104

16.67524

18.63975
S.

2320.48706 -20.84408 211.53856
S.

95.87778 " 0.09745 27.06832

81.40982 ' 0.23304 I 21..69442

4

85.38179 0.19625
p

.24.11865

12.3.58803 -0.16341 32.37429
t.

1 4
EQUATION Y A + B CLOG(X) HAS MINIMUII (MAXIMUM ABSOLUTE RESIDUAL)

t.

204'
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TABLE H.15. '

RESULTS OF REGRESS/ON ANALYSIS ON RETROFIT DHW MAINTENAME DATA

a

EQUATION
A

Y 1. A * X

0.11828

'11. A + * X

'e5.22776

B ,

0.12507

RES ERROR

33.21542

, /4.35993

R4WARE

0.38621
-
?1,,,

0.99919

MAX DEVIATION,

.8.46214

3.77794

Y A * EXP(B * X)
.1;04411 0.00474 0.76636 0.99968 1.67658

1 Y 611 1/(A B * X) -

ra
Ln

0.85139

m A B/X

4.00084 117.26917 0.95130 24.13392'

94.72529 .4483.33281 702.88335 .
0.70810 37.68363

YmA+B* LOG(X)
.449.19312 . 38.28169 112.48147 0.95329 17.55827

Y_A*XB
0.00426 1.46113 53.52793 0.97569 16.94528

.Y X/(A B * X)
34.40554 0.10616 2549.44986 4.05877 112.88579

EQUATION Y A* EXP(B * X) HAS MAXIMUM R-SQUARE

EQUATION Y m A* EXP(B *.X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

20 't; 1 20



Figure 11.12

PLOT OF BEST FIT EQUATION.FOR RETROFIT SH/DHW INSTALLATION DATA

Parameters

Y = A + B/X

A =
143.186975172

B =
-8172.63362809

R-SQUARE =
0.617447015811

RES ERROR
1063.07996552

MAX(ABS(RESIDUAL))
42.3525039162

205 Collector Area (sq. ft.)

206



Parameters

YnA+B* X

A v.

34.0883326208,

B s

0.220823136145

R-SQUARE s
0:421223230488

RES'ERROR
1608.3680264

*(ABS(RESIDUAL))

57.6463059527

20 4'

Figure H.13

PLOT OF LINEAR FIT EQUATION FOR RETROFIT SH/DHW INSTALLATION DATA

+2

tl.60

+1.40

+1.20

+1.00-

+0.80

+0.60

.

, .

40.40

40.20 /

0.11

X

00"

tif;f1

.0°.

95% Confidence
Level Bands

moo..

et.

00110

+1.00 +2.00 +3.00 E + 2

Collector Area.(sq. ft.)

,

20s



(7,

PARAMETERS

A + A. * x

A siB

-1.10790988209

B

0.0850762680142

R-SQUARE
0.969342785686

RES 'ERROR
2.,6537369767

MAX(ABS(RESIDUAL))
2.30180844095

20)

4

FIGURE H.14 PLOT OF HEST FIT EQUATION FOR NEW DHW MAINTENANCE DATA

+1

+2.00

4 +0. 50

MI'a I

oAP
IRc95% Confidence

60/4/
level bands

- +0.50 +1.00 +1.50

sr,

+2.60

COLLECT0R AREA (square feet)

E + 2

210



a

industry is not mature enOugh at Present to provide a,statistically larke

sample so that accurate predictions of the time requirements for each stage

can be.made! However, certain conclusions can be made:

. 1. The design time can be considered independent of cotal collector

. area for a given generic type of the system.

2. The installation time is a direct function of the total

collector area and varies significantly among different types

.aconstruction with the same collector area.

3. The maintehance time depends on tha.type (DHW or SH/DHW)=Of

system rather than the size.

-It Should be noted that the resillts derived aboveare not independent \
4

of learning curve effects, climatological variations, effects of building

codes, and other relevant factors. A regional stati§tical analysis was

'not possible froathe sample collected.

-156-
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APPENDIX Il

PER§ONAL INTERVIEWS, SOLAR MANUFACTIMERS/DISTRIBUTERS/DEALERS

'I.
This appendix contains information regarding the personal inter-

I la

views that were held with representatives of the solar industry..

Questions wite asked regarding installation times, reqdired skills,

sequences of crafts, etc. A statistical treatment of responses.is given

and the industry representatives and their affiliations are listed;

-15721 2
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MANUFACTURE4S/DISTRIBUTORS/DEALERS

"Acurex Corp ,

416/964-3200
Contact:. Ed Rossiter

4

Albuquerque Weatern Industries.
505/3444224,

. Contact: .Lloyd Hart

Alten Assoc.
415/969-6474
Contact: Bob Roller' 0

American Appliance Mfg.
213/829-1755

. Contact: Mean McCoy
. 4 \

4

American Solar Heat Corp:
203/7924077
Contact:

American Heliothermal Corp.
303/778-0650
Contact: Secretary

41110.00

Chemical Processor
813/822-3689
Contact: Ed Hudock

Cole Solar. Systems, Inc.
512/444-?565
Contact. Warren Cole

CSI, Solar Systems Division
813/577-4228

. Contact: Roy Sallen

Day Star Corp.
617/272-8460

t1;t: .;.J1Inces

INTERVIEWED

Energy CuAterters
615/624-2608 .

ContAct: David Burrows

Falbel Energy.Systems
203/357-0626
Contfct: Jim love

Hamilton Research
213/241-3057,
Contact: R. A. Hamilton

Large Solar Systems
305/583-8090
Contact: Ron Hannivig

Lennox
,515/754-4011
Contact: Ted Gilles

Products., Inc.
.813/247-5947
Contact: D.W. Barlow, Sr.

O.E.M.
7.

Pacific.Sun, Inc.
415/328-4588
Contact: Harry Whitehouse

.

R-M Products
303/825-0203
Contact: Steve Piro

Sol-Aire
415/632-5400
Contact: Bruce Springer

Solar Applications, Ini.
714/292-1857
Contact: Frank Ames



4

e

J4

MANUFACTURERS/DISTRIBUTORS/DEAL6S
(continued)

Sdlar Comfort Systems
305/842-8935
ConXact: Don Kazimir

/Solar Dynamics,
305/688-4393 0

'Contacts Ed Jester .

Solar Energy ProduCts, Inc
./ ConZact: Cpris Bisset

. Solar Energy Syttems, N.J.
609/424-
Contact: John Wood

Solar Innovatons
813/688-8373
Contact: Joe Conrad .

Solar King
817/776-3860
Contact: lhomas Bennett

'Solar Sun
'512/241-4200
Contact:. Sal Santor

Solarcoa
213/426-7655
Lontact: Ken Parker

I.



SOLAR NitNTIFACIIIRERADISTRIBIIIOR/DEALER INTERVIErS
CONCERNING:-

IRSTALLATTON TINE AND TRAINING PROGRAM

Nhnufacturers of solar water and space heating systems and the

distributors/dealerships which install them constitute a large pole:

tion of solar industry, in the UMW States. Phofie-ihterviews with.,

a representative portion: ofjthese,persons, were'conducted to determine

the installation time and the training programs:used by this part of

the industry. TWenty-nice (29) of these gianufacturers'and distrib-

utors/dealerships were contacted, and the results are'contained in
I.

the followin report. The 1$st of'interviewees is attached after this

report.

First,.a few observations on.the 29 interviewed'are appropriate.

The companies'contactbd varied from large-scale manufacturers to small.

operations 'which install systems as 'a sideline. In general, the

larger manufacturers had better training programis and gave a more com-

plete response to the questionnaire. The respónses to the questions

concernin water heating systems were far more .complete than the re-
.

sponses to the space heating questions, due to the small percentage, of
"L

' dealers in this area, and the multitude of parameters which affected

conscientious responses.

A. INSTALLATION TIME.

1. What is the total installation time
TFF-IhstalTaTion?

%1.-.cr heating: 89.7% of the companies responded, as shown

requir --rthan-hours)

1 1,qure 1. Notice the clu5tering at 16

is fact

in orl.

and Z4 hours. This
a

a crew of 2 or 3 usually install vthe system

rede7licts the data in 171re 1 and

-160- 215
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0 *.

indicates.the vast majority of the2installations require bpi;

I
tween 15 and-24 man hours.

6

i 6 ; gtle
16.1

. -Hrs.

6 8 10 12 14 16 18 20 22 24 26

4 8 10 28 0 24

,

30 -32 ;32

/-
'4.4 4

Figure 1. Nan-hours required for hos water system installation.

%

Figuie 2. Grouped (:.asponses for 11.)t water initallatian tle.

firs;

014 15-24 :,25

28 60 12
1

Space heating: 31.0% .of the cjImpanies responded, as shown

Figure 3. There arc no trends in 4-ese figureS due.to'the.

/ ambiguity (lack of specification of size). of the question.,

- S

Hrs.:

20 40 60 80 100 120 140 160 180 200 450

1.25 0 25 0 25 0 0 0 0 12.5 25

Figure 3.% Nan-hours required for space heating system installation.



2. WhatAind of skills or crafts are used?

Water heating: 86.2t responded, as shown in Figure 4. It

should be notcd that most of these skills are performed by

2 or 3 men. A qualified or licensed plumber is almost cer-

tainly involved.

Space heating: -6.9t responded,,as shown in Figure 4. The

response shms plumbing to be an essential part of the in-

stallation, with the other, crafts being used to a greater

extent than for water heating.

% Skill % S.H.

96 Plumbing 100

56 Electrical 80

24 Sheet Metal 80

,48 Carpentry 80

4 Refrigeration

Figure 4. Skills/crafts needed for installation of water
and space heating systems.

3. Pow ma:;y :7-1,1-1!ours does each craft spend on the job?

Watcr'heating: 5l. respc.nd.7J, as shown in Figure 5. The

amount of plumbing required nn the location of the

collectors'w:th re'Tect to the water heater. The amount of

carpentry used, if any, depended on whether the job was a



retrofit or new installation, and the number of panels. The

electrical work consists only of wiririg the puMp (and other

incidentals, if any).

Space heating: there was insufficient response to the question.

ball

3 6 9 12

W.114

15

Hrs.

18 21 24 . 27 30

b.H. ;

(2 cases)

Elec. S6 14
" A

. 5 11

Plumb. 20
,1

7
1

13
A

13
i

13
1

7
1

7 7 7 7 81

Hvac .

Sheet Mtl.

Carpentry 25
I

25
I

50
I I I 1 I 1 I/

Figure 5. Nhn-hours each craft spends on-the-job.

4. In what se uence are the crafts used?

The sequence of the crafts was the same for water and space

heating. Generally. the plumbers were used followed by the

ele'ctrician. In conjuction with the plumbing wls the car-
,

pentry work. These crafts alternated the sequence depending

on whether the collector plates were installed before or

after the plumbing, and whether the installation was new or

retroiit.



S. How many men are on a crew?

75.9% responded, as shown in Figure 6. The vast majority

of the crews are two men.
c

rs

# of Men

1 : 2 3 4

% 0 77 14 9

Figure 6., Number of men on a crew.

6. About how much desian time.is required fallE111:221

62.1% responded, as shown. in Figure 7. The lower end design

times are the water heating design times and the computer

designs. The figures above 7 hours, generally represent the

space heating design requirement.

Design Time (iours)

1 2 3 4 S 6 7 8 9-50 50-100

30 2" 0 14 0 0 0 7 14 14

,

Figure 7. Man-hours needed for design of water and space heating systems.

7. Who does the desizn?

69?, responded, ns shown in Fimire S. The obvious discrepency



in the percentages Is due to the'factthat most of the designs

are done by an engineer or a technician, sometimes with com-

puter assistance.

lingr. Tech. Computer

% I 75 25 3T1
1

Figure 8. Person doing design.

0u. Po vou have a trained technician or foreman,who is responsible
T57`TEFFQm check and start-Lig

65.5% responded, as shown in Figure 9. Self-explanatory.

Yes No

84 16

Figure 9. Trained technician/foreman responsible for
system check and start-up.

9. What are the estimated maintenance - repair man-hours/year?

31% responded, as shown in Figure 10. Over 2/3 of the responsc

listed the only maintenance as less than 2 man-hours, usually

in conversion from summer/winter cycles or in pump repair.

0-2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 17-18 19-20

67 11 11 11

Figure 10. Man-hours per year for maintenance.

du
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B. TRAINING PROGRAM

1. Do vou have distributois and dealers?

93.1% respondedo.as shown in Figure 11. Self-explanatory.

Yes No

% 1 96 4 I

Figure 11. Manufacturers with distributors/dealers.

2. What are their capabilities when finished?

72.4% responded, as shown in Figure 12. MOst of those trained

can install systems only. The minority can both install and

do some limited design, i.e., fill out specification sheets.

Install Install & Design

55 45

Figure 12. Capabilities of trained distributors/dealers.

3. Hbw long arc the distributors (dealer). trained?

62.1% responded, as shown in Figure 13. The vast majority of the

training programs arc 1 week or less. Most of the training pro-

grams arc 2 days or less. Personnel trained less than two days

were qualified to install systems only.



# of DaYs

1 2 3 4 5 6 7 8 9 10

27 30 14 6 18 0 - 0 0 0 o

Figure 13. Length of distributor/dealer training,period.

.4

4. Who are your distributors/dealers?

65.5% responded, as shown in Figure 14. The majority of the

distributorsare plumbers and HVAC personnel.

Hvac Plumbers Solar Mech. Cont. 'Distributors

.1

47 68 20 5

Figure 14. Background for distriSutor/dealers.

5. Do you supply design data to the dealers?

51.7t responded, as shown in Figure 15. Self-explanatory.

Yes No

Figure 15. Manufacturer s supplying design data to dealers.
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4.

6. Would a trained

Valtui5177"1-17^-1t52'1°'
t5.21 retpended

solar woyker from a vocati.onal school be a

your co anv.

unanimously, as shown in Figure 16.

'Yes No

Figure 16. Manufacturers desiring a trained solar worker.

For installation?

44.9% response. Unanimously yes

For trouble-shooting?

42.8% response. 54% yes; 46t no. The fraction which re-

sponded negathely felt a trouble-shooter should have ex-
,

perience in solar water and space heating as well as vo-

cational training.,

.62 9 r,
-16 - wt.)
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APPENDIX J

CONTRACTOR SURVEY FORM

eS\

2

:

This appendix .contains a sample of the form that was sent to
tt..

contractors, soliciting kesponse to questions concierning their experience.
..

. ,

with solar systems.

V.

2 94
-169-
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Dear Sir:,

NAVARRO COLLEGE
Highway 31 West

Cor$Ic.ipa, Texas 75110
.

Phone 214874-6501

Navarro College has a grani from the U.S. Energy Research
and Development Administration (ERDA) to "Assesd the Need for
Developing"and Implementing Technical and Skilled Worker Training
for the.Solar Etiergy IndUstry". As part of this study we need to-
forecast the manpower requirements, for solar technicians.

AO')
t

You hive been identified as one who has experience in designing
and/orlastalling solar systems. We are relying on your experience
,and asking for your time in completing the attached brief question-
naire to estimate manpower requirements for the design, installatiqn,
maintenance, and repair of solar systems;

,.

Wit.' are one of few who is qualified to provide the necessary
information. You,'by.your.experience with solar equipment, can affect,
the future progress of solar energy utilization in our country. 'Please
help us in our efforts to provide quality training in this new and
exciting field.J

Thank you.

HJG:sg

-170- 2
'V

Sincerely,

Harold J. Gibson
OccupatibnallAnalist



NAME
-

COMPANY

INFORilATION

TITLE

ADDRESS ' V.

(Street)

"(City) (State) : (Zip)

DATE PHONE (

---------- -r
".5

I. Under each category, please cheat the item(s) which best reflects the system
you have,inStalled.

1, INSTALLATION COMPLETED

DATE,

,

3. SECTOR

Residential

Commercial

Industrial

Agricul)ural

5. COLLECTOR

Flat Plate
9. .

Concentrating (Tracking)

Concentrating (Stationary)

2. INSTALLATION

Retro-fit

New Construction

APPLICATION

Domestic Hot Water

Space Heating

Space Cooling

Process Heat

Other

6. FLUID

Air

Liquid

-171- 2.26
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3

,

II. Maim answer all questions below for the system you have installed.

1. 'Collector manufacturer

2. 'umber of colleczors

3. To.tal c6lleetor area

4. 'Approximate area of bui ding

FOR DESIGN OF SYSTEM:

5. -Total:man-hours required

a.

FOR INSTALLATION OF SYSTEM:

6. Total number of wogkers involved in installattion

,7. Total man-hours required
I \

FOR ROUTINE MAINTENANCE OF SYSTEM:

8. Total man-hours required per year

FOR REPAIR OF SYSTtM:

9. Total man-hours recibired per year

.

III. How many solar installations have you completed-

IV.. How many persons in your firm are performing solar related work?

V. Would you hire a solar designer or installer if such a trained technician

were available? If no, explain.

% VI. COMMENTS: (Use Back)

of

-172- 2 9
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APPENDIX K

TASK, INVENTORY FORM

This sectionientains a sample of the form that was sent to

contractors soliciting response to questions regarding tasks to be

performed by solar workers. 'This form was later used by the Task

Analysis Consultants in completing the task inventory.

-173- 2



For pU\ries of this report, the type oi tradesman for each task was indicated

by our panel of experts. This denotation was' made as to the type of tradesman

who traditionally or normally would-yerform.thaetask. The symbols are as

follows:

C - Carpenter

E - Electrician

H - HVAC man

P - Plumber

S - Solar person

S247 Sheet. meal man

X - Other (Homeowner, Generall.aborer, and Commercial Insulptor)

For simplicity, .the times given on this Task Inventory are .in minutes rather

than in hours and minUtes as spicified in the instructions.

ss.
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IHNavarro College .

.11olsc'Energy Division
.)

S.

.

TASK INVENTORY ''.
Curriculum Development
and Manpower Forecast

ci

.

.

q
, DESIGU STAGE, .

. .

.
..,

. .
.

m a
o m

i 7141 4j.$4

4. V cmin
74 ..J4gi

Alr'H.... .

. 1 MI 44

or9 ri
Ez.1

... .
.

. . .

.
,

Calculate Hot Water Load .

.

.

1 Determine monthly average ground water temperature

,

...,

?
.

2. Determine desiin hot water temperature , 1 S
4.1

1
,

3. Determine hot water requirement for persons

m
w
4.J

0

4 Determine hot water requirement for ip7licances 1 .

Determine BTU requirement of monthlY iloi water load

.

-
.

.

...e
4. .

..

.

.

..
.

. -

, .

..---

3.

.

Calculate S.ace Heatin: Load
.

Determine inside and outside design temperatures and

1. design wind speed .

, 1 - H

1 - 11.

.

0

60

I.

2
6 ( ,

2 Determine U-values fdr structure components

3 Determine areas of structure components 1 - 11 60 1 ,

.,

,

.

4. Determine infiltration of structure ,
1 - H 15 2

1

._

. c.

5. CalcUlate total haat loss Under design conditions in BTU/ 1 - H

1 - H

15

10 '

1 -,

1

.

_

.
Divide design heat loss by design temperature differential

6. And multi.l b 24 to obtain beat loss in BTU DD

.

7. Determine monihl heatin_ de ree da s :
1 - H 0 1

.

Determine degree day correction factor for outside design

8 tem.erature 1 - H 60 2

9. Calculate monthI BTU re uirement f.r s ace heatin: load 1 - H 5 1 .

.
._

.

1/
. .

a.
23().

-176-
.
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NaVarro College
Solar Energy Div

TASK INVENTORY
Curriculum Development
and Nanpower Forecast

.:DESIGN STAGE .

O 0
O 0 ON
0 0 ..... 4-I
0 'I2 1.1 'V U) 0,0 rI
161 0 W 0 W 0 7
0 1.1 1:t4 W 4.1 ori U

04 uri '1.47 W 0 0 0 W 44
Cr p.. pi a. 4.4 co 144

A C474i) g ErI4 M S
0 bri
04 A

C. Calculate Space Cooling Load
Determine inside,and outside desigu temperatures,

1 latitude .and dail tem erature ran e

2. Determine equirvalent temperature differences

A

3. Determine -Values for $ ructure com onents

15

60

4 Determine areas of structure components 60

Determine window shading 60 2

6. Determine transmittance of windows

7. Calculate heat gain through windows

8. Calculate internal heat gains

0

30

20

9 Calculate total heat gains under design conditions 15 1

Divide design heat gain by design temperature differentia

10. and 'multiply by 24 to. obtain heat loss in BTU/DD

11. Determine monthly cooling degree days

- H 10

15

12. Calculate monthly BTU requirement for space cooling load

Choose Collector Type

.1. Determine average operating collector fluid temperature

2. Determine design ambient temperature and insolation

60

10 1_

Determine flat-plate and concenLrating collector effi-

3. ciencies for design conditions

4. Determine cost per square foot et collector types

.5. Calculate $/BTU

. Choose collector tpe with lowest ener cost

120

5.

15

-177- 23i



:Navarro College
Solar Energy Division

TASK INVENTOR/
*Curriculum Development
and Manpower Forecast

,

DESIGN STAGE

0 aa 00 m
II: 'V I-I
II W W
o wa.
ci, .F4

V W

Z gi t
E-4

,.....
'0 in
W W

art Va) 0 0
r9 If
1.4 g

>t
.4J

00 rmiC Z
0 rj
ir 44
2 ti0 m

E. Calculate solar _ain on unit area basis

1. Determine collector tilt for applicgtion 10 .

Determine for each month average hourly insolation for 1

2. tilt and latitude .
120 3

Determine for each month average ambient daylight

3 temperature 1

.

60

Determine monthly collector efficiency from

4 collector .erformance curve. 1 - S 120

Determine monthly..clear day collector heat gain in

5 BTU/Ft.2-hr.
10 2

Determine for each month average daily daylight

6. collection hOurs

7. Determine haze factor for locality
0 1

8. Determine average monthly percent of sunshine

.

0

9. Calculate unit month solpr gain in ETU/Ft.2
10 1

t

F. Determine maximum available collector area

1. Determine roof space dimensions 30

2. Determine around space dimensions 30 1

3. Eliminate shaded spaces 1 - S 20 2

4. Determine collector physical dimensions 5 1

5. Allow for proper spacing_of collectors on flat roof 1 - S 20

6. Allow for ro.er collector tilt and azimuth 1 - S 10 2

7. Calculate maximum collector area in s.uare feet
I - S 10

---.
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Navarro College
:Solar Energy Division

TASK INVENTORY Curriculum Development
and Manpower Forecast

,

- DESIGN STAGE
.

* .

.

. .

. v. ,.4
m w w
4) 84 154

Al id"
C; r 4:z g

nv7
faco
11 11.1
1 ,4 0

W 0_ 14
41
4

N 'A
1 -

to it:am
er4 C.I
g er4
14 114

2
-36::i

G. Determine o.timm coilector area
Multiply given collector area by monthly unit solar gain

I to obtain monthly solar gain in BTU
.
Obtain monthly. useful solar gain by taking the lesser of

2..thetunasoitaihe monthly total load. 5

Obtain the typical annual useful solar gain in DI BTU by

3 summing the monthly totals and dividing by 106 5

.-

4 Determine the auxiliary fuel efficiency (decimal) 0

Obtain auxiliary fuel saved by dividing the annual useful

5. solar gain by the auxiliary fuel efficiency 1 5 1

6 Determine cost of solar system 1 S 90 2

,

7 Determine the mortIa:e interest rate and term 1.- S 5

,

8 Determine cost and inflation rate of auxiliary fuel 5

.

9 Calculate life c cle value of solar s stem 30

Iterate above steps with different collector areas to

10. obtain maximum life cycle value 180
,

,

(If you are using another method please describe)

.

. ,

B. Design fluid flow system --..

I. Determine .ro.er stora:e size and location
,

2. Integrate solar and conventional s stems 1 - S

1 - S

120

60
3. Design system controls and operation modes

Size individual system components in accordance.with

. collector size and load re.uirements 1 - S 180
V

5. Prepare workiqg drasings 1 - S 120

6. Prepare materials and equipment,specifivations
4

I2C 3

,
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Navarro College
Solar Energy

TASK INVENTORY
Curricaum Development
and Manpower Forecast

.,
.

,
0

INSTALLATION

0 0
CI 0
0 0
4 1 t
CU IA OA
A. 4"I

0 0)

A;n'

.
......

Ts to

0 CIJ
$.4 4./nI 0

40 0 101

HAS

ti
CI 0

arl c.J
0 z:41

344i5

I. Construct Storage System

I Prepare foundation IL 240

2 Insulate foundation Deleted b Ex.erts)

3 Install or construct stora:e container shell 2 - P 120 1

*4 Install internal container com.onents 2 - P 180 2

5. Install temperatUre sensors 1 - H 60 2

6. Make connections to s stem 2 - P 60 2

7. Insulate storage container 2 - X 180 2

*For Air System:

1.4. 2 - SM 180 2

1.6. 2 - SM 120 2

J. Install collector
.

1. Prepare collector mounting foundation 2 - C 20
..

1

. Construct collector mountin:s 2 - C 30 1

3 Mount each collector 2 - S 15 1

4 Install'each tem.erature sensor 1 - H 5 1

Connect dampers, valves, safety devices as
*5 . re.uired b s stem desi:n 1 - P. 120 2

*6. Connect manifolds and collector pipelines - P 30 2

*For Air System:

2J.5. - SM 240

J.6. - SM 90

_

e
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Vavarro College
.ilolar Energy Division TASK INVENTORY

Curriculum Development
and Manpower Forecast

INSTALLATION

1 8cn
CO V hi

a) 14 ti,

6. -
..

o o

-.,
V CI3

14/ ILI

ai4 cr1
at

pa,
4.1

WI pI

4 a .

E L4

:41 .41

K. Complete System Hookup

.os

Mount major solar system components: heat exchangers, air
1. handlers um.s blowers domestic hot vater tanks etc

Connect all solar components with pipelines
2. as muired b s stem desi:n 11/1111111111111

3 Install conventiot41 equipment (Charged to Conventiowl)

4 Make connections between solar energy components (Delete. by Exprts)

5 Install space heating and cooling ducting (Charged o *.nventional)

6 Install system controls and make connections to sensors 1 - E 240

7 Flush fill 'and .ur e li.uid s stem 1 - P 240 2

8. Make electrical connections 240

*lor Air System:-
.

t : K.1. 2 - SM 720

K.2.
2_ SM 720

L. System checkout

120

\

1. Leak test all pipelines

2. Clec ou the s s -ll ..we 1 2

*3. Insulate i.elines as necessar 480

Calibrate and test solar temperature
4. differential controls 1 - S 120

5.. Test system operation modes (Deleted by Experts)

*6. Balance flow controls as specified 1 - P 60

*For Air System

L.1. 1 - SM 120

L.3. . 2 - SM 720

. .

_
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Jiavarro'College
Energy Division

TASK INVENTORY
Curriculum Development
and Manpower Forecast

MAINTENANCE (ROUTINE)

8 g
0 01
fn V 14
o.4 w w

it14.1 44

. V0 0

r
Po co
cu cu
4.1 4.1

*A 0

1 14
°PI 0 Z
t61 PI 10

IN
4J

to H
0 0

4.1 C.)0 4
ti :4444

il srl
A al

M. Maintenance
Periodic lubrication of moving parts

1 (.um.s blowers etc 1 - X 21 1

2. Filter change 120 1

3 Clean collector :lazin: Deleted b Ex.erts

4. Descale heat exchangers (water side 1 - P 48 2

Flush open liquid collector loops and refill

5. with clean solution 2 - P 240 1

Check drain down tank for unwanted fill (liquid

6. drain down systems) (Deleted by Experts)
Check antifreeze solution strength and PH in

7. liquid closed loop systems 1 - X

.

30 1

8. Check AP (water) thru collector loop (Deleted by Experts)

Replace sacrificial corrosion elements and other

9. systems components which are periodically consumed 10,. P 15 1

10. Check trackin- orientation of concentratin: collectors 1 - S 240 3

11. Check liquid levels in expansion and storage ..:anks 15 1

12. Check normal positions of motorized valves and dampers I 60 2

Monitor flowrates and temperature differentials to
13. test system operation 1 - S 60 2

*14. Check for degradation of pipeline insulation 60

15. Check seals on pumps.
1 P 5 1

*For Air S stems

_.

_

M.14.

,

1 - SM

.

60 1
f

,

..

. .

--.........--.

_

,
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Please state in one or two paragraphs a job description of what you

as an employer of a solar technician would like in an employee.

Some questions to answer might be as follows:

/ What skills do you require?

What is the higheSt level of skill you desire?

- 184- 2



APPENDIX k

TASK ANALYSIS

4

' This appendix contains the completed task analysis produced during

. ,

'this project.

%.

1.

a
Te'

!.



DESIGN STAGE.

A. .CALCULATEA HOT .WATER LOAD

s

1. Determine monthly average ground water temperatiye.

Ia. Obtain ASHRAE Handbook or other reference, or contac water

utility for temperature data. Record. .4

2. Determine design hot water temperature. .

a. Determine from building plans what types of appliances (e.g.

dishwasher, clothes washer) are in use, and what water

temperatures they require. (Consult local code books.)

3. Determine hot water requirement for persons..

a. Using Uniform Solar Energy Code nomography or other%reference,

apply the number of persons using hot water,to.the graph

and find total hot water consumed, or multiply number of.

A

persons by 20 gallons per gay.

4. Determine hot water requirement for appliances.

Repeat above procedure ler appliances using'nomograph, or contact

manufacturer or distributor of appliance for hot waier demand.'

5. Determine BTU requirement of monthly hot water load.

a. Read BTU requirement from nomograph, or multiply gallons used

.per day by the design temvrature minus the supply water

temperature and by 8.3 lbs. per gallon.

TOOLS AND EQUIPMENT

(A) Uniform Solar Energy Code or other reference

(B) Table of monthly average supply water temperatures

(if available)

(c) Building plans



e

MATERIALS-AND COMPONENTS

None

REQUIRED KNOWLEDGE

(A) Science.

(1) Famithrity with energy units.

(2) Ability to calculate temperature of a mass given

the thermal energy added to the mass.

(3) Knowledge of specific heats, density of water.

(B) Mathematics.

(1) Algebra. -

(2) Graph reading.

PUEORMANCE OBJECTIVE'

Given a hot water demand situation in the form of building

plans or existing building with hot water needs, the student

will obtain all information necessary and perform all calculations

to determine the daily hot Water heating load in BTU per day,

for any locality.

-187- 1



V.

114 CALCULATE SPACE VEATIMC LOA1

1. Determine inside and outside design temperatures and design wind

speed.

a. Look up design teMperatures in ASHRAE Guide or other reference,

record. \

2. Determine U-values for structure components.

a. Determine ceiling, wall% floor, window, and door construction

from plans or building.

b. Find U-values for building materials used from ASHRAE Guide

or other reference. If conductances are listed, multiply

conductance per inch by thickness of material in inches to

get U-value. Determine U-values of air films for still air.

and 15 MPH wind speed. Add reciprocals of Urvalues for each

component and find reciprocal of total.

3. Determine.areas of structure components.

a. Measure dimensions of outside walls, ceilings, floors, windows,

and walls using architectural scale of Plan, or measure

existing building to obtain this inforMation, and record.

Measure only the surfaces wkich represent the shell of the

building.

b. 'Multiply length and width to obtain area.

c. Subtract window and door areas from gross wall areas to obtain

net wall area.

d. Sum areas of all camponents which have equivalent U-values.

4. Determine infiltration of structure.
.1

a. Multiply floor area obtained above by ceiling height to obtain

vdlume, of insulated space. Do for each room.

.t
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b. -Refer to,ASHPkE Cuide and multiply volumes above by appropriate

factors depending on the number of walls with windows/doors 1-

exposed to the outside. (AlternatLy, calculate infiltration

using ASHRAE "Crack" method.) Do for each rooM.

Calculate total heat loss under design conditions in BTU/hr.

a. Subtract outdoor design temperature from indoor design .

temperature 70°F found in step one.

b. Multiply the area times the U-value for each building component

by the design temperature differential found in step (a)',

,and record in tabular form. 'Sum thes-e values to.obtain

conduction.heat-loss. For infiltration, multiply the

infiltration rate values from 4.b. by .018 and be the design

temperature differential and add them to the conduction heat

loss to obtain the design heat loss.

6. DiVide design heat loss by design teMperature differentfal and

multiply by 24 to obtain heat loss in BTU/DD.

7. Determine monthly heatiAg.degree days.

a. Find the heating degree-days for the locality under consideration
.

in the ASHRAE Guide or from the National Climatic Center, for

each month. Record.

8. Determine degree day correction factor for oLltside design temperature.

a. Refei to the' ASHRAE Guide.

9. Calculate monthly. BTU requirement for space heating load.

a. Multiply the heat loss in BTU per degree-day by the number

of degree-days in.each month. Record the monthly heating 1ad

in BTU x 106 or therms (BTU.x 105).

-189-
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TOOLS AND EMMEN]:

(A), ,ASHRAE Handbooks, Fundamentals and Systems,* or other

reference.

(B) Tape measure and/or architectural scale.

(C) Building plans or building

(D) Engineering note pad

(E) Calculator

MATERiALS AND COMPONENV;

None

REOUIRED KNOWLEDGE

(A) Science

(1) Knowledgeclof energy /nits'

(2) Simple physics of heat transfer (conduction; convecL:ion,

radiation).

(B) Mathematics

(1) Ability to cOnvert units

(2) Algebra.

(3) Trigonometry.

YERFORMANCE OBJECTIVE

Given a building .constructed of a variety of materials., th

student will determine what references and information are

required, will obtain them, and will calculate the design

heat loss monthly heating loall of the structure for any

locale.

-190- 2/14



C. CALCULATE SPACE COOliN6 LOAD

a. Determine inside and outside design temperatures, latitude, and

daily temperature range.

a. Using.an appropriate climatic reference (A:MAE Hnndbook

*of Fundamentals or equivalent) consult table.to obtain 971/27.

outdoor summef design wet bulb and drybulb temperatures, and

4aily.temperature range for the particular location.

31). Assume an indoor summer design dry bulb temperature of.79°F

and wet bulb temperature of 620F if indoor relative humidity

is to be maintained at 50%. For other desired humidity levels,

determine indoor wet bulb temperature from psychometic charts

corresponding to desired humidity level'and interior dry

bulb temperature.

c. From a map or other geographic reference obtain the latitude

.of the location.

2. Determine equivalent temperature differences.

a. Using ASHRAE Handbook of Fundamentals, determine equivalent

temperature for each structural component with respect to

surface orientation, outdoor design temperature (db) and

daily temperature range.

3. Determine.U-values for structural components.

a. Method 1 - If U-values for winter conditions have been previously

calculated, adjust those values for changes in wind velocity

and direction of heat transmission according to chsirts and

- tables in ASHRAE Hamlbook of Cundamentals and other cOmparable

references.

210'
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b. Method 2 - If U-vaJues ior winter conditions have not been

calculated, determine thicknesses and compositions of each

portion of the structure (walls, roof, etc.). Then consult

an appropriate reference to determine resistance values,

conductance values, or conductivity values of each structure.

Perform the mathematics to convert these values to "resistances"

as required. Add the resistances of each component of the

structure, making adjustments for framing Rer Handbook of

Fundamentals as required add the interior and exterior air

resLstance values corresponding to the direction of heat

transmission, (horizontal, vertical; up or down, etc.) and

wind velocity. Take the reciprocal of the stm of the resistances

to obtain the U-value for the structure.

4. Determine areas of structure components.

a. Procedure is identical to that specified in section B.3.a.

for space heating load.

2
-192-
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5. Determine window shading.

a. Horizontal overhangs

(1) Make a table of window orientations (cardinal pts.)

NE ' SE S SW W NW

SHAPE
'L

OW

LINE

AREAS

lACT0P

-

Ul

...

SflAIEd

SHDED

1 INI

5 a (1)

5 a (2)

5 a (5)

5 a (6)

(2) Consult Handbook of Funclamentals and determine.shade line

factors for each orieatation and enter into the table

the corresponding orientation.

(3) Determine the length of the overhang from building plans

for each orientation.

(4) Multi+ esult in 5 a (3) by shade line factor for each

appropriate orientation to give the position of the.time-

averaged shade line.

overhang'

shade line/
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(5) Determine the area for each window and orientation

that is below the shade line and the area that is above

the shade line. Add the results for each window of .

the same orientation to give a total window area tht.t is

shaded and a total window area that is unshaded. Enter

the results into the.table.

(6) From Handbook of Fundamentals determine a solar heat gain

factor for each window orientation according to type of

window construction and interior shading devices (drapes,

venetial blinds, etc.).

(7) Calculate solar heat gain by multiplying solar heat gain

factor for each window orientation by the unshaded

window area for the corresponding orientation. Add to

that the solar heat gain through the shaded /:..eas which

is calculated by multiplying the solar heat gain factor

for North orientation by the sum of the shaded window

areas for all orientations.

NOTE: Tasks 5.a (1) through (7) represent the accepted AURAE procedure

for solar heat gain through fenestrations for residential structures.

8. Calculate inteinal heat gatns.

a. Sensible heat gains.

(1) Gain due to occupants multiply # of occupants by 250 to

give sensible load in BTU/hr. for occupancy.

(2) Cain due to appliances. Determine from building plans the

types of appliances that will contribute to the internal

_

heat gain of the structure (kitchen appliances epsecially).

Consult Handbook of Fundamentals on other source to

determine the heat gain for each appliance.

-19421S.Ii



(3) Determine ventilation requirements and/or infiltration.

(a) In most cases infiltration is adequate for

ventilation requirements. Assume 1/4 change in

volume of air per hour. Calculate total volume

of structure. Determine sensible gain by

-multiplying infiltration rate (above) by .018

x (Cdb) to get infiltration gain in BTU/hr.

(b) If infiltration is not suffidient for ventilation

nieds (refer to Handbook of Fundamenta)s of other

reference to make this deterMination within the

constraints of the particular problem), determine

ventilation rate in CFM. Sensible gain in

BTU/hr. = (1.1), (CFM.) x 4ktdb

b. Latent heat gains. For residential method, calculate total

latent gain from total sensible gain for .the structure (step 9).

9. Calculate total heat gains under design conditions.

a. Sum individual sensible gains for each structure. Multiply

sum by .3 to give latent gain for residential structures.

(Check ASURAE Handbook of Fundamentals to deteTmine whether

this method of calculating latent gain applies. If not,

calculate latent gains independently.

b. Total heat gain is sum of latent and sensible gains.

10. Multiply total heat gain BTU/hr. by Atdb design and 24 to obtain

gain in BTU/DD.

11. Calculate monthly cooling degree days.

a. Using publication 81 of N.O.A.A. (Nat. Oceanic and Atmospheric

Administration) MONTHLY NORMALS OF TEMPERATURE, PRECIPATION



:;

(3) Determine ventilation requirements and/or infiltration.

(a)- In most cases infiltration is idequate for

ventilation requirements. Assume 1g change in

volume of air per hour. Calculate total volume

of structure. Determine sensible gain by

multip-lying infiltration rate (above) by .

x (NTdb) to get infiltration gain in BTU/hr.

(b) If infiltration is not sufficient for ventilation

needs (refer to Uandbook of Fundamentals of other

reference to make this determination within the

constraintp of the particular problem), determine

ventilation rate in CFM. Sensible gain in

BTU/hr. (1.1) (CFM) x Atm:.

b. Latent heat gains. For residential method, calculate total

latent gain from total sensible gain for the structure (step 9).

9: Calculate total heat gains under design conditions.

a. Sum individual sensible gains for each structure. Multiply

sum by .3 to,give latent gain for residential structures.

(Check ASURAE Handbook of Fundamentals to determine whether.ISM.M.r

this method of calculating-latent gain applies. If not,

calculate latent gains independently.

b. Total heat gain is sum of latent and sensible gains.

10. Multiply total heat gain BTU/hr. by A. tdb design and 24 to obtain

gain in BTU/DD.

11. Calculate monthly cooling degree days.

a. Using publication 81 of N.O.A.A. (Nat. Oceanic and Atmospheric

Administration) MONTHLY NORMALS OF TEMPERATURE, PRECIPATION
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AND HEATING AND COOLING DEGREE DAYS, determine monthly cooling

degree days for the p rticular location.

12. Calculate monthly BTU requi mcnt for space cooling load by

multiplying results of C.10, i\F; (BTU/DD), by monthly cooling

degree days to give monthly space cooling load.

a. Determining size of components; From total cooling load, total

sensible load.and total latent load at interior and'exterior

design conditions (w.b. & d.b. temperatures) consult munuFecturers

data on cooling Units to determine reqn:red capacity of.unit

TOOLS AND EQUIPMENT

(A) Calculator with Scientific functions.

(B) Reference materials: HVAC manual or ASHRAE publications;

Architertural Graphics Standards or equivalent to

interpret architectural drawings; degree-day data and

temperature data - publications available from N.O.A.A. et.al.

(C) Architects Rule.

(D) Data Pods.

REQUIRED KNOWLEDGE

(A) Science

(1) Fluid mechanics

(2) Thermodynamics

(3) Library researcn skills

(B) Mathematics

(1) Algebra

(2) Trigonometry

(3) Calculator skills



PERFORMANCE OBJECTIVE

Given a set of architectural drawings (floor plans, elevations,

structural and mechanical details), for a residence which

shows site orientation, necessary reference materials including

ASHRAE Handbook of Fundamentals, summer design temperature

and cooling degree data, architects rule and scientific

calculator, the student will pefform all the netessary

measurements and calculations to determine the sensible and
#

latent coJling load of the building,



D. -CHOOSE COLLECTOR TYPE

1. Determine average operating collector fluid temperature.

a. Obtain manufacturers specifications on collector performance.

b. From collector manufacturers' spec* obtain average operating

collector fluid temperature that corresponds to design demands

for temperature out of collcctor.

c. Enter this temperature on worksheet.

2. Determine design aMbient tempeipture and insolation.

a.. Obtain ASHRAE Handbook of Fundamentals or other source of

meteorologiCal and insolation data.

b. Look up for design month the ambient temperature and insolation

values.

c. Enter values on worksheet.

3. Determine flat-plate and coacentrating collector 'efficiencies for

design conditions.

a. Obtain manufacturer's specifications for cellector performance

b. Read design conditions from worksheet.

c. Enter performance graph on bottom axis at pcint defined by

T in - Tambient

Insolation

and go up to curve then horizontally to vertical axis and read

collector efficiency.

d. Enter results on worksheet.

253
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a
4. Determine cost per square foot of collector types.

a. Obtain collector cost from manufacturers or sales outlet.

b. Obtain effective solar absorber area from manufacturers
I

literature.

c. Divide cost of total collector by effective solar absorber area

to get $/ft2 collector.

d. Enter results in worksheet.

5. Calculate $/lITU.

a. From D.3 above enter (1.ollector efficiency and design insolation

in equation below

BTU
Cost/Effective Area
Insolation x Efficiency

b. From D.4 above enter collector cost per sqlJare foot of absorber

area in equation above.

Solve equation for $

BTU

d. Enter results in worksheet.

6. Choose collector type with lowest energy cost.

a. From list of $/BTU in D.5 above choose collector wpth lowest

$/BTU value.

TOOLS AND EQUIPMENT

(A) Manufacturers performance specifications (graph)

(B) Pen or pencils

(C) Paper (worksheet)

(D) ASHRAE Handbook or other source of local meteorological

and insolation data.



fl
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(E) Pocket calculator.

(F) Manufacturers price sheets.

MATERIALS AND COMPONENTS

None

REQUIRED KNOWLEDGE

(A) Science

(1) Basic heat transfer theory

(2) Temperature effect on properties of materials

110's

(3) Basic i;un-earth relationship (astronomy)

(4) Meaning of temperature, effective area, efficiency,

insolation,

(B) Mathematics

(1) Arithmtic.

(2) Algebra.

(3) Graph reading.

(4) Data chart reading.

(5) Concepts of area, price, lower versus higher value.

PERFORMANCE OBJECTIVE

Given manufacturers' specifications 3nd local climatological

data, the student will make the proper calculations and choose

the type of collector best suited to the needs of the 4pplication.



4 -."

E. CALCULATE SOLAR,GATN ON UNIT AREA BASIS

1. Determine collector tilt for application.

a. Find local latitude from maps or atlas.

b. Determine solar application from'client or blueprints and

specifications as to whether it is space h.eating only, water

heating only, or boeh space heating plus water heating.:

c. If space heating only, a thumb rule for collector tilt plus

15 degrees will be appropriate to make use of the winter

sun's position in the 4y.

d. If water heating only, a.thumb rule for collector tilt

equal to the latitude zill allow year round use of collector.

e. If combination of space heating and water heating is required,

then the tilt is the 'same as that oflpace heating only.

f. Enter results in worksheet.

2. Determine for each month average hourly insolation for tilt and

latitude.

a. Cptain ASHRAE insolation tables.

b. Obtain local latitude and tilt from E.1. above.

c. Enter ASHRAE tables for local latitude or closest latitude

for which there'is a table in the month of-January.

d. Read across to tilt closest to that determined in E.1. above.

e. Enter in worksheet the hourly values for-insolation.

3. Determine ior each month average ambient daylight temperature.

a. Obtain ASHRAE Handbook or other source of temperature data.

b. Enter table for geographic location and list average daily

daylight temperature.



4. Determin# monthly collector efficiency from collector performance

curve.

a. Obtain manufacturers efficiency curlres,

b.sUsing the following equatIon

121

T
in Tambient

Idesign

deiermine "x" value using design inSolation, collector desigh

inlet temperature, and ambient temp,rature,

c. Enter manuflacturer's efficiency es on horizontal axis at

move vertically to .curve, then horizontally to vertical

axis and read collector efficiency. A'

d. Follow above procedure for each month of the year.

5. Determine monthly clear day collector heat gain fn BTU/Ft.--? -hre

a. From E.2. above sum all hourly insolation values greater than

125 BTU/hr

ft.2

b. Multiply daily clear day insolation (above) ,hy collector

efficiency from E.4. above.

6. Determine for each month average daily daylight collectionphoors,

a. Obtain ASHRAE Handbook.

b. Enter tables for closest latitudes and read number of daily

daylight hours.

7. Determine haze factor for locality.

a. Obtain local.meteorological data from colleges, airports,

Federal Government, or State Government, etc.

V. Look up haze factor for locality.

2 5
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8. Determine average monthly percent of sunshine.

d. Subtract haze factor Z from l00%-to obtain

9. Calculate unit monthly solar

obtained in above steps.
A

TOOLS AND DQUTNENT

(A) Maps;.Atlas, etc.

% sunshine.

gain in BTU/Ft.2, using information,

(B) Blueprints or specifications

(C) ASHRAD Handboo': or othcr data source

(D) Pocket calculator.

(E). Source Of local meteorological data

(F) Pen r pencils

(G) Paper (worksheet)

MATERIALS AND COMPONENTS 4

None,

REQUIRED KNOWLEDGE

(A) Science

GeogYaphy

Sun/earth

Astronomy

Meaning of

Basic heat

Percentages

relationships

temperature, efficiency, insolatIon

transfer theory

PERFORMANCE OBJECTIVE

Given the local climatological data and the manufacturer's

specifications, the student will calculate the solar gain

on a unit area basis.



F. DETERMINE MAXIMUM AVAILABLE COLLECTOR AREA

1. Determine roof space dimensions.

a. Obtain blueprints or drawings (to scale) of building.

b. Using engineers or architects scale or actual on site

meaclurement with tape measure, measure all areas of roof that

give good southern exposure.

c. Enter this arca on worksheet.

2. Determine ground space dimensions.

a. Obtain tape measUre.

b.\ At the site, measure length and width of ground space

available for storage tank or collector placement.

c. Enter Irea on worksheet.

3. Determine shaded spaces.

a. Obtain sun angle locator box.

b. Positioning yourself so that you are eye level with the bottom

of the proposed collector array, use sun angle locator box,

positioned parallel with long axis of roof, to find time of

year and position of shade devi.ces.

c. Mark areas that will be shaded on roof/gro0,1: diagram.

d. Measure these areas.

4. Determine collector physical dimensions.

a. Look up dimensions on manufacturer's specificatIon sheet.

5. Allow for proper spacing of collectors on flat roof.

a. Obtain ASHRAE Handhook.

h. Look up solar altitude at 10:00 a.m. on DecOmber 21.

c. On separate sheet of paper draw to scale, side view of collector

array with proper tilt and collector height.



d. Using protractor, find the point on the north side of collectors

where a line drawn at an angle equal to the altitude would just

touch the upper edge of the collector.

e. Measure the distance from the back of the collector array to

this point with architects or engineers scale.

6. Allow for proper collector tilt and azimuth.

7. Calculate maximum possible collector area in square feet.

a. Subtract from gross area those areas that were not usable.

TOOLS AND EQUIPMENT

(A) ASHRAE Handbook.

(B) Protractor.

(C) Scales.

(D) Tape measure.

(E) Architect's or Engineer's scale.

(F) Sun angle locator.

MATERIALS AND COMPONENTS

None.

REQUIRED KNOWLEDGE

(A) Science.

(1) Sun/earth relationships.

(2) /stronomy.

(B) Mathematics.

(1) Measuring skills.

(2) Algebra.

(3) Arithmetic.

(4) Trigonometry.



PERFORMANCE OBJECTIVE

Qiven blueprints or existing house and plot dimensions, the

student will calculate the usable area for collector placement.



G. DETERMINE OPTIMUM COLLECTOR ARFA

1. Multiply given collector arca by monthly unit solar gain to obtain .

monthly solar gain in BTU.

a. Obtain collector area from F.7.above.

b. Obtain monthly unit solar gain from E.9.

c. Multiply these.numbers together.

2. Obtain monthly useful solar gain by taking the lesser of the

monthly so`lar gain and tho monthly total load.

a. By looking at a column of monthly useful solar gain and a

column of monthly total load enter the lesser of the two numbers

for each month in a third column.

3. Obtain the typical annual useful solar gain in M BTU by summing the

monthly totals and dividing by 10 6
.

a. Add all tle numbers in the third column in G.2. above.

b. Divide this number by 106 to obtain M BTU.

4. Determine auxiliary, fuel efficiency.

a. Obtain written data on fuel efficiency if possible.

5. Obtain auxiliary fuel efficiency.

a. Multiply value in 0.4. above by annual useful solar gain.

6. Determine cost of solar ssystem.

a. Obtain collector cost information from manufacturers.

b. Multiply collector cost by the number of collectors to get

solar collector costs.

7. Determine the mortage interest rate and term.

a. Obtain list of mortage rates from local building institution.

b. From this list determine mortp,age rate ba:,ed on system cosi

and liLetime.
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8. Determine cost and inflation rate of auxiliary fuel.

a. Obtain list or table of local utility rates.

b. From this table determine rate which applies to the specific

application (residential, commercial, etc.)

c. Obtain from local Public Utilities Commission estimates for fuel

inflation rates.

d. From this information determine which rate applied.

9. Calculate life cycle value of solar system.

a. Enter data collected above in following formula:

$ = Capital cost of solar system

Capital cost of solar sysiem

including tax.incentives or

other factors as reflected

in $/BTU

present value of stream of

maintenance costs over life-

time of system
.11 11111111111111

present value of fuel

cost over lifetime of

system

10. Iterate above steps with different collector areas to obtain

maximum life cycle value.

TOOLS AND EQUIPMENT

(A) Pocket calculator.

(B) Mortgage rate table.

(C) Utility rate schedules.

wa



MAMIALS AND COMPONENTS

None

REQUIRED KNOWLEDGE

(A) Science

None

(B) Mathematics

(1) Arithmetic

(2) Albegra

(3) Percentages

(4) Table interpretation

PERFORMANCE OBJECTIVE

Given mortgage rates, fuel rates, and various collector areas,

the student will determine the optimum collector area for

the application.



H. DESIGN FLUID FLOW SYSTEM

1. Determine proper storage size and location.

a. Locate outside tank in area protected from the elements.

Locate inside tank in mech room insulated from conditioned space

if used in summer.

b. Determine application BTU/Hr design load requirements from A, B, &.

C as applicable.

c. Determine hours of storage'requfted for application, typically 24

hours for heating and-hot water and three to four hours for cooling.

d. Determine BTU storage requirement by multiplying hours of storage

by BTU/Hr requirement:

e. Determine design maximum storage temperature and minimum

useful storage temperature.

f. Divide BTU by the difference between maximum and minimum tempera-

tures and divide the result by 8.33 to obtain storage size in gal-

lons.

GAL = BTU
8.33 x L T

2. Integrate Solar and conventional systems.

a. For air systems, determine proper location of solar duct tie-ins.

For liquid systems, determine location of water coil in conventional

ductwork.

3. Design system controls and operation modes.

a. Use two stage thermostat to bring on solar first and conventional

equipment second.

b. Use temperature sensors and relays to prevent the 'circulation of Lhe

solar working fluid to the load when the fluid is not hot enough

to help meet the load.
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c. Use a differential control and sensors to ensure that the solar

collectors recharge storage and do not degrade it.

. d. Use a motorized valve or check valve to ensure that storage is

not degraded by thermal siphoning backflow.

e. Include relief valves, air vents, vacuum breakers, and tempering

valves as necessary.

4. Size individual system components in accordance with collector size

and load requirements,

a. Determine CM and GPM for conventional equipment and solar collecyrs.

b. For liquid systems, choose water coil that meets BTU/hr load

requirements at design minimum useful solar supply water temperature.

c. For air systems, choose air to water exchanger to meet domestic

hot water requirements at collector design CFM and-outlet temperatures.

d. For liquid systems requiring a water to water heat exchanger

between the collector and storage, determine collector fluid

specific heat, GPM, and outlet temperature; and determine tank

minimum flow over the exchanger surface and design inlet temperature.

Refer to manufacturer for exchanger size.

e. Design duct and pipe sizes for required CFM and GPM not exceeding

friction loss and velocity limits specified in ASIIME handbook.

f. Choose the smallest pump and fan models that exceed or equal design

CFM and GPM at required static pressure and head.

5. PrePare working drawings.

a. Determine schematic representation of syStem components: pipelines,

valves, dampers, fans, pumps, storage, collectors; conventional

equipment, etc.

b. Draw wiring diagrams linking thermostats, relays, temperature

sensors, and mechanical system components.
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c. Use building plans todetermine physical location of components..

Prepare materials and.equipment specifications.

a. Determine lengths of various duct and pipe sizes needed.

Determine number and sizes of elbows, tees, gate valves, manual

dampers, registers, and other small passive fittings for pipe-
a

line connections.

c. Determine number and sizes of motorized valves and dampers,

pumps, fans, differential controls, thermostats, relays,

relief valves, vacuum breakers, air vents, expansion and compression

tanks, aquastals, and other small active system components.

d. Determineonumber and model of collectors, furnaces, air

conditioning units,.storage tanks, or other lazge system

equipment.

TOOLS AND EQUIPMENT

(A) ASHRAE Handbook or other HVAC manual

(B) Handbook of Physics and Chemistry or other source of

physical property.

(C) Calculator

(D) Manufacturers' component:specifications.

(E) Unit Conversion Tables.

(F) Note pad.

(G) Building plans.

00 Architects Rule.

(I) Drafting equipment.

MATERIALS AND COMPONENTS

None



REQUIRED KNOWLEDGE

(A) 'Science.

(1) BaSic heat transfer theory.

(a) 'Meaning of temperature.

(b) Specific heat.

(c) Heat exchanger eqUations.

(2) Fluid flow theory.

(d) Pipe sizing.

(b) Duct sizing.

(3) Understanding of pump and fan ch.aracteristics.

(4) Low voltage control theory

(a) General Princililes.

(b) Component characteristics, e.g. thermostats,

relays, temperature sensors.

(5) Basic Electric Circuit theory.

(B) Mathematics.

(1) Graph and table reading.

(2) Arithmetic.

(3) Algebra.

(4) Understanding of units conversion.

PERFORANCE OBJECTIVE

Given the building plans, Lh2rmal loads, and solar collector

size, the student will design an energy collection and delivery

system that provides adequate solar storage, efficient heat

transfer, safe operation, and adequate auxiliary equipment

to meet design lcads.



I. CONSTRUCT STORAGE SYSTEM.

1. Prepare foundation.

a. Locate site for storage container. If container is to be above

grade, clear and level ground. If container is to be buried, excavate

hole for storage tank, leaving enough room to inspect tank for leaks

and for insulatiori.

b. For above grade tanks, determine size and method of mounting of tank and

mark off approximate dimensions, or refer to plans for foundatiOn

dimensions.

c. Excavate footing of foundation (if required by plans or local codes).

d. Set stakes at corners of foundation and set up strings to mark of

foundation, check square of foundation by measuring diagonals

Adjust string lines so that the foundation is of the'proper dimensions,

and squd'red.

e. Cut form boards to coincide with string line dimensions and firmly nail

corners. Set stakes around perimeter of forms. Raise torm to desired

level at one corner and nail to stake. Nail remainder of stakes to

form, checking with level to insure the entire form is'at the same

level as the first corner nailed. Drive stakes at an angle (sway

brace) and with-inside of form lined up with string, nail stake to

form. Remove string.

f. Lay down wire reinforcing mesh if required.

g. Pour concrete into form, spreading with flat shovel or concrete rake.

Remove excess concrete by sliding 2 x 4 "rpd" along tops of forms,

tamp concrete with tamping device such as "jitterbug" Level and

fill in holes with float. Set foundation bolts (if required to secure

wall plates or tank cradle). Allow concrete to set slightly and

trowel with hand trowel and/or "fresno". Hand trowel to fachieve

finished surface.
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h. After concrete has set, strip forms and remove stakes.

2. Deleted by experts.

3. Install or construct storage container shell.

a. (NOTE: It is assumed the technician will not construct the

. storage contal,.per, but will install prefabricated system. There

are a diversity of ways to cOristruct storage systems for air and

water systems which.would require extremely lengthy discussions.)

Unload storage container from delivery vehicle. If fork-lift or .

crane is required, insure that the tank or storage device is nox

subject to damage at.the lifting points.

b. Using manpower, forklift, or crane, set storage device on foundation

or other,prepared mounting, or in excavated hole. Bolt or otherwise

secure.

4. Deleted by experts.

5. Deleted by experts.

6. Make connections to system.

a. Insert threaded nipples into tank fittings (if required, aPplying

pipe joint compound3to male threads. Thread dielectric unions onto

nipples (if required) and tighten with pipe wrench. (Disregaid if .

air system.) .
6

b. Assemble fittings of proper size and type required to make connection

between tank and plumbing stub-outs, (or duct. fittings). Cut pipe

or duct to appropriate lengths.

c. Assemble fittings and Pipe and double-check pipe lengt:Is. Apply flux

to cleaned pipe and fittings, re-assemble, and solder joints.

(Remove rubber or plastic parts of fittings beforv soldering to

prevent damage.) For air systems, connect duct to collars on siorage

tank and tape seams with duct tape.



7. Insulate storage container.

a. Wrap tank with fiberglais, or spray tankvith foaming equipment,

or laminate board insulation to tank with contact cepent.

b. If tank is to be expoSed to moisture or ultraviolet radiation,

wrap fiberglass insulation with plastic material and secure

'by banding or heat sealing, or paint form insulation with

latex sealant.

TOOLS AND EQUIPMENT

(A) Shovel, pick, Lackhoe, trencher.

(B) Wooden or metal,stakes.

(C) tape measure.

(D) Nylon string.

(E) Circular saw.

(F) lievel, hammer, nail vuller, square.

(G) Wire cutters.

(H) Concrete rake, "jitterbug", "fresno".

(I). Hand float, bull float, hand trowel.

(J) Wrench set.

(K) Fort lift, crane.

(1;) Screw driver, crescent wrench,, pipe wrench.

(M) Propane torch, striker.

(N) Tubing cutter.

(0) Wire strippers.

(P) Paint brush.

(Q) Banding tool.

(R) Foam gun.

(S) Utility knife.
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MATERIALS AND COMPONENTS,

iA) Storage container.

(B) Nails, bolts, screws.

(C) Wire mesh.

(D) Concrete.

(E) 2 x 4 lumber.

(F) Epoxy or thermal glue.

(G) Clamps.

(H) Pipe joint compound. 3

(I) Thermostat wire.

(J) Wire nuts.

(K) Conduit.

(L) Pipe and fittings.

(M) Flux, emergy c16011

(N) Duct tape.

(0) Ihavlating material(foam, board, or batt).

(P) Contact cement. (

.(Q) Plastic film.

(i) Latex sealant.

(S) Aspirator.

REQUIRED KNOWLEDGE

(A) Science

None

(B) Mathematics

(1) Arithmetic



PERFORMANCE OBJECTTVE

Given a storage tank, or rock storage bin, or other solar

thermal storage device, the student will make che necessary

preparations for the installation of the storage device.

He will also recognize the mathod of making connections to

the storage device with the help of systeni schematics, 'and

will make these connections, including plumbing, ducting, and

control sensors. He will be familiar with the different types

of insulation, arid with the proper equipment, will apply the

insulation in a professional manner.

Di's)
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J. INSTALL COLLECTOR

1. Prepare collector mounting foundation.

a. Mark points on roo.: where collector mounts are' to be placed.

b. Clean area of all loose roofing materials.

c. Drill holes into roofing joints through roof.

d. Lay in flashing material or roofing mastic/tar or both according

to plans.

e. Put collector mounting foundation in place and flash around it.

2.- Construct collector mountings.

a. Obtain blueprints or plans of collector mountings.

b. Obtain material needed per plan (assess here wood mountings).

c. Atte& vertical supports to foundation.

d. Attach angled.supports (angle = tilt) to foundation.

e. Attach angled supports to vertical supports.

f. Attach all vertical supports together with wood members (2 x 4)

g. Paint mountings.

3. Mount each collector.

a. Obtain collectors from manufacturer.

b. Raise collector onto roof.

c. Place collactor on mounting being careful not to damage copper

heads ol mountings.

d. re.sten corector to mounting per blueprints.

4. Install each temperature sensor.

a. Obtain thermistor or other sensing device per plan.

b. If well type temperature sensor is used, inse'rt probe in

temperature well, being careful not to damage probe.



c. If strap-on type probe is used, attach probe to collector

pipe storage tank with tape or mechanical clamps insuring that

sensing points are fimly touching area to be measured.

*5. Connect daMpers, valves, safety devices as required by svstem

design.

a. Obtain necessary materials (i.e. air vents, relief valves,

etc.)

b. Determine placement of air vents at all high points in system

or per blueprints.'

c. Detetminé relief valve.placement at hottest point in system.

d. Using 3/4" copper FPT adapter, install air vents and relief

valves using teflon tape on threads.

6. Connect manifolds and collector pipelines.

a. Obtain blueprint and material, i.e. pipe. elbows, couplings, etc.

b. Measure distances between collector.

c. Cut pipe length accordingly.

d. Clean and flux pipe (copper).

e. Connect pipe between collector.

f. Solder pipe fittings.

g. Insure that pipe lines are sloped such that air vents are

at high puints.

*Note: J.5. and J.6 should be done at the same time at least for hydronic

systems.



TOOLS AND EQUIPMENT

(A) Blueprints or plans.

(B) Wire brush.

(C) Elec.tric drill and bits

D) Extension cords.

(E) Tape measure.

(F) Hammer, framing square.

(G) Paint brushes.

(U) Chair hoist.or other lifting apparatus.

(I) Screw driver, pipe wrench.

(J) Knife, level, pipe cutter.

(K) Propane torch.

(L) Flux brush.

MATERIALS AND COMPONENTS

(A) Flashing material

(11) Redwood 4 x 4's.

(C) Steel angle.

(D) Brushes.

(E) Wood fasteners.

(F) Nails.

(G) Lumber (2 x 4), (2 x 6).

Of. Paint and primer.

(I) Thermistors or thermocouples.

(J) Tape.

(K) Solar collectors.

(L) Collector hold down fasteners.

(M) Air vents, relief valves.

(N) Pipe, fittings and adapters.
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(0) Teflon tape.

(P) Solder, flux.

REQUIRED KNOWLEDGE

(A) Science

(1) Building construction.

(2) Properties of metal and wood.

(3) Wood pr6servation.

(4) Meteorology.

(5) Mechanical advantage.

(6) Basic heat transfer theory.

(7) Basic electrical theory.

(8) Basic fluid flow theory.

(9) Corrosion processes.

(10) Basic plumbing theory.

(B) Mathematics.

(1) Arithmetic.

(2) Basic measuring skills.

(3) Trigonometry.

PERFORMANCE OBJECTIVE

Given the proper tools and components. th,; student will install

a collector array in such a way that is meets appropriate

codes and standards and is done in a workmanlike manner.



K. COMPLETE SYSTEM HOOKUP

1. Mount major solar system components: heat exchangers air handlers,

pumps, blowers, domestic hot water tanks, etc.

a. Select location for air handler.

b. Construct plenum of wood or sheet metal for return air to match

dimensions of air handler, or mount return air box (sheet metal)

and attach collar. Install return air grill. Insulate plenum.

c. Place or suspend air handler. If suspended, hang with sheet

metal straps. If installed vertically, fasten down with screws

over return a plenum.

d. Install pumps. If 1/12 H.P. or under, support with plumbing,

insuring plumbing is well anchored. If greater than 1/12 H.P.,

nail mounting block to suitable wall, etc. and fasten pump

to block with lag or machine screws. Use dielectric unions where

cast iron pump is connected to copper lines.

e. Set domestic water heater tanks in place. 1i tank is p_aced

on upper story, install sheet metal drip pan underneath.

2. Connect all solar components with pipelines as required by system

design.

a. Connect return air box (if used) to return air plenum with

suitable duct material. Also connect supply air plenum to

supply boxes (boots), using Y's anl appropriate sized duct.

Tape all joints and insulate if not using pre-insulated duct.

Set supply air registers.

3. Install conventional equipment.

a. (Breakdown of tasks omitted since tas is for non-solar equipme.nt.)

276
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4. Deleted by experts.
Oa

5. Install space heating and cooling duaing. (See 2.a.)

6. Install syotem controls and make 2onnections to sensors.

a. Fasten controls tO will or other location.

b. Connect thermostat wire from sensors to terminal strip or to

control leads with wire nuts (previously described).

c. Connect all relays, thermostats, in manner described above.

7. Flush, fill, and purge (liquid system).

a. Fill system in manner prescribed by plans.

b. Check all pumps to insure that they are circulating water and

not cavitating as a result of air in the water lines. Bleed

off air through air bleeds or by loosenIng fittings.

c. Turn pumps on and off several times to insure system is free

of air and that pumps are not cavitating.

8. Make electrical connections.

a. Attach conduit tr, control box and to junction box (if required).

b. Feed wire (of proper gauge) through conduit.

c. Connect leads in junction box (insure power is c°0 using wire

nuts. Also connect leads at control to terminal strip or to

appropriate leads.

d. Secure covers to junction box and control box.

TOOLS AND EQUIPMENT

(A) Complete tool kit including wrenches, screw drivers,

nut drivers, wire strippers, sheet metal shears, and

pliars,

(B) Propane toLch .;cid solth,ring apparatus, tubing cutters.



(C) VOM.

(D) Conduit tubing Lender.

(E) Hack saw and high speed drill'with bits.

MATERIALS AND COMPONENTS

(A) "Heat exchangers, air handlers, pumps, blowers,

domestic hot water tanks, etc.

(B) Copper pipe and fittings.

(C) Duct and duct fittings.

(D) Thermostat and high volt:age wire, wire nuts.

(E) Hose

REQUIRED KNOWLEDGE

(A) Science.

(1) Physics.

(2) Electricity.

(B) Math.

(1) Measuring skills.

(2) Simple algebra.

PERFORMANCE OBJECTIVE

Given the system components to be installed, a system

schematic and wiring diagrams, the student will, using the

proper tools, mount all system components, and make plumbing,

trical, and other connections to the components. He

ol11.fill the system and insure that the system is

entirely ready to be placed into operation. During the

wiring phase, he will safeguard himself and others against

electrical shock and insure his Connections will no::

create a fire hazard, or cause damage :o system components.
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L. SYSTEM CHECKOUT

1. Leak test all pipelines.

a. Inspect all joints in piping for moisture.

b. Drain and solder any faulty joints.

2. Check out the system powered components.

a. Insure power is delivered to system components.

b. Place system in all possible operating modes by manually switching

control and/or shorting sensor wires.

c. Check operation of pumps, automatic valves and other components

in all modes to insure their operation complies with the intended

mode of operation.

d. Return control overrides to normal position.

3. Insulate pipelines as necesaary.,

a. Apply pipe insulation according to method appropriate to

insulation being used (hot water pipe only).

b. Cover, tape. or seal any insulation exposed to weather.

4. Calibrate and test solar temperature differential controls.

a. if control system is factory calibrated, inspPct operation

of system under various temperature and insolation conditions.

Insure that system is operating in proper modes.

b. If control is not factory calibrated, test by immersing sensors

in water at various temperatures. Monitor water temperature

with thermometer and check differential on and off temperatures

and high or low limit functions. Use VOM to check position of

relays.
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5. Test system operation modes.

a. Observe system operation under different temperature and

insolation conditions. ),Ise overrides where necessary to

simulate operation conditions.

b. Check position of all valves, and operation of pumps and
5

relays in all modes.

6. Balance flow controls as specified.

a. Using flow meters or colle4or temperature monitors,

adjust flow.controls to ach4.eve balanced flow rate or

uniform temperature at all collectors.

b. Flow control valves should be wide open and then gradually

closed to achieve proper balance and flow rate.

TOOLS AND EQUIPMENT

(A) Utility knife.

(B) Plumbing equipment (torch, solder, pipe wrench, etc.)

(C) Complete tool kit.

(D) Flow meters.

(E) Thermometers- (electronic) and VOM.

MATERIALS AND COMPONENTS

(A) Pipe insulation, jacketing, sealant.

(B) Test leads.

REQUIRED KNOWLEDGE

(A) Science:

(1) Basic electrical circuitry.

(2) Basic fluid mechanics.

(3) Basic heat transfer theory.

(4) Basic control theory.



(B) Mathematics

(1) Arithmetic

(2) Algebra

(3) Basic measuring skills

PERFORMANCE OBJECTIVE

Given test equipment, system schematics, and other tools,

the student will determine that the system is operating

as intended and will correct or make adjustments on the

system such that it does operate correttly, or determines

what components are operating in a faulty manner and

require replacement or repair by specialized technicians.

He will also take responsibility for completion of the

system (including pipe insulation) arid will place it in

operating condition.
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M. MAINTENANCE

1. Periodic lubrication of moving parts (pumps, blowers, etc).

a. Locate all components requiring lubrication.

b. Apply lubrication to components as specified by manufacturers.

2. Filter change.

a. Remove grill or cover plate as needed.

b. Remove old filter. Clean with air jet or replace as recommended

by manufacturer.

c. Replace filter and grill or cover.

3. Clean collector glazing.

a. Home-owner.

4. Descale heat exchangers (water side).

a. Remove heat exchallger by uncoupling joints or unsoldering.

b. Flush wit1 descaling agent.

-c. Connect flow meter and pressure gauge ana check back pressure.

Compare with manufacturers specs.

d. Replace heat exchanger.

5. Flush open liquid collector loops and refill with clean solution.

a. Drain fluid from collectors and heat exchangers.

b. Recharge system with water and drain again.

c. Fill system with glycol or other recommended solution or fluid.

d. Insure oll drain valves are closed and,check pump to insure it

is circulating through the collectors.

6. Deleted by experts.

7. Check antifreeze solution strength and PH in liquid closed loop

systems.

a. Drain small quantity of heat enchanga fluid into small container.



b. Inspect color and/or check PH with litmus paper or test kit.

4
c. Check specific gravity of solution with hydrometer (if glycol

used).

d. Replace fluid if necessary, or replace lost fluid.

8. Deleted by experts.

9. Replace sacrificial corrosion elements and other system components

which are periodically consumed.

a. Drain fluid from system below level where sacrificial element

is located. Insure storage tank is isolated from servLce

water pressure.

b. Unscrew or remove sacrificial element and replace with new element.

c. Refill system and place in operating condition.

10. Check tracking orientation of concentrating collectors.

a. Inspect collectors at various intervals over a day to insurn that

the focal point of the concentrator is on the collecting surface.

11. Check liquid levels in expansion and storage tanks.

a. Home owner.

12. Check normal positions of motorized valves and dampers.

a. See L.2

13. Monitor flowrates and temperature differentials to test system

operations.

a. Check or estimate insolation rate and check flow rates(if,flow

meter is built in).

b. Monitor temperature differential across collector by attaching

temperature probes to collector inlet/exit.



. Calculate instantaneous collector efficiency and/or flow rate

using manufacturer's collector performance curve and compare

results.

14. Check for degradation of pipeline insulation.

a. Visually inspect pipe insulation exterior.

b. Remove short section of insulation and check for moisture or

deterioration.

c. Replace insulation.

15. Check seals on pumps (for leaks).

TOOLS AND EQUIPMENT

(A) Oil can or grease gun.

(B) Plumbing equipment.

N Test equipment: Pressure gaüge, flow meter, VOM, Hydrometer,

PH Test kit, thermometers, simple pyranometers.
c.

(D) Complete tool kit including screw drivers and wrenches.

(E) Ladder.

MATERIALS ANL COMPONENTS

(A) Filters.

(B) Descaling agent.

(C) Manufacturer's equipment specification.

(D) Clycol or other heat exchange fluid.

(E) Sacrificial element (anode rod).

REQUIRED KNOWLEDGE

(A) Science

(1) Chemical equilibrium.

(2) Acid-base reactions.
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(3) Astronomy.

-
(4) Thermodynamics.

(5) Electrochemistry.

(6) Physics.

(B) Mathematics.

(1) Algebra.

(2) Arithmetic
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APPENDIX M

TASKS ANALYSIS, SOLAR TASKS

. This appendix contains a refined analysis of the tasks that require

training in solar-related skills. Skills that a worker.would need to
S.

complete each task are listed and referred to specific tasks.

4 -



DUTY
TASK ACTIVITY

A. CALCULATE HOT WATER LOAD

k:1

x
1. Determine monthly average

ground 0water temperature

2. Determine design hot water
temperature.

3. Determine %tot waterlrequirement
for persons.

4. Determine hot waterrequirement
for applicatces.

a. Obtain ASHRAt. Handbook
etc., or contact water
utility for temperature data.

a. Determine from building
plans what types .of applian-
ces are in use, and what
water temperatures they
require.

a. Using Uniform Solar
Eaergy nomography or other
reference, apply the number
of persons using hot.water
consumed; or multiply number
of persons by 20 gallons
per day.

a. Repeat above procedure
for appliances using nomo-
graph, or contakA
er or distributor
ces for hot water

manufactur-
of applian-
demand.

SCIENCE SKILLS MATHEMATICS SKILLS

Libr4y skills
Temperature measUrement
Seasonal variation

Library skills
Blueprint reading
Temperature

Nomograph interpreta-.
tion
Temperature '

Epergy unitp

Nomography
Temperature
Energy units

Interpret tables

Interpret tables
Addition
Subtraction

Interpret tables
Multiplication
Addition
Interpret graphs

Addition
Multiplication
Interpret graphs
Interpret tables

2 0
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DUTY.

TASK .

k

skt

5. Dettrmine BTU requirement of
monthly'hot water load.

%D. CHOOSE COLLECTOR TYPE

I. Determine average operating
collector fluid temperature.

2 9 i

N.

Pa
ACTIVITY

onmenow0

7

.

1 \

Is

4

a. Read BTU requirement
from nomograph, or multiply
.gallons used per day by the
de0gn temperature minus
the'%.,§upply wate,teMperaiiire

.and by ell.ba. Ter' galldn.

,

'a.. "Obtain manufacturers'
specifications on collecror
performance.

tL From coiiector manufact-
urers' -specs obtain'average
'operating collector fluid
temperpture.thai correspon4:3
to design demands.for tem-
perature out Of collector.

c. .Enter this temperature
on work sheet.

SCIENCE,SKILLS

-71

Temperature
/Nomography .(

'Heat tansfer
Speqific heat

Ehergy,units
Temperature
Heat iiansfer
Light transmissiOn
Factors effecting
efficiency

1

Temperaqpre
Nomography
Heat transfer
Factors effecting
efficiency

.

MATHEMAT/CS SKILLS

Matinlication
Division
Addition.

Subtraition,

Literpret.graphs
Interliret tables

Interpret graphs
Interpret tables

C. e.



DUTY
TASK ACTII)ITY

1

641

.4

2. Determihe design ambienk
:temperature and insolation.

I I

3. Determine,flat-plate and concen-
trating collebtor efficiencies
for designsconditions.

a. Obtain ASHRAE Handbook
of Fundamentald or other
sburce'of metebrological and
insolation data.

b.. Look up for design month
the am)Dient temperature apd
inso/ation values.

-

c. Enter values on work-
sheet.

a. Obtain manufacturer's
specifications for collector
performance.

b. Read design conditions
from worksheet.

SCIENCE .SKILLS

Meteoroloey
Tempepature
Astronomy

MATHEMATI6i SKILLS

..2

Chart interpretation

Heat transfer
Efficiency
Insolation
Light transmisgion

Tepperature

4.

Arithmetic
Trigonomet4

Addition
Subtraction
Multiplication
Trigonometric functions
Division

Interpret graphs
-Interpret tables
AriOimetic

Interpret tables

29,
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DUTY

/

TASK ACTIVITY

. n
ii

Er

th

4. Determine cost per square.foot
of collector 'types.

I

29'S

c. Enter performance graph
on bottom axis at point de-

. fined by T
in -

T
ambient,

..111Polation

A

and go up to curve then
horizontally'to vertical
axis and read-collector
'efficiency.

A. Enter resulis on work-
sheet.

a. Obtain.collector cast
from manufacturers or sales

-outlet.

b. Obtain effective solar
absorber area from manufact-
urersqiterature..

c. Divide cost of totil
collector by.effective solar
absorber area to get $/ft2
collector..

d. Enter.results in work-
sheet.

SC/ENCE SKILLS MATHEMATICi-SKILLS.

Temperature P

Nomography
°Insolatioh efficiency

Interpret value.

t

Effective area

Interpret value

4s,

.

4r

Interpret graphs'

Interpret graphs
Interpret tables,

Division

296
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11i

DUTY
TASK ACTIVITY

4

1.5

SCIENCE'SKILLS

t

5. Calculate $/BTU.

>ea

6. ttoose collector type with
lowest, energy cost.

:4

E. CALCULATE SOLAR.GAIN ON UNIT AREA

BASIS.
,

Deterinine collector tilt for

aPplication.

`I 6

,

a. From A.3 above enter
collector efficiency,and
design insolation in equa-,
tion below

S.

BTU
mg Cost/Effective Area
,Insolation x Efficiency

b. From"D,4 above enter
collectdr.cost per square
foot ofabsorber area in
equation aboye.

q. Solve bquation.for
$

BTU 2 7'

d. Enter results in wnrkr
, sheet.,

a, From list.of.1/BTU in
D.5 above choose collector

. with lowest 1/3TU

a. Find local latitude
from maps or atlas.

Energy-units
Value
Effective area
Insolation

1.41A!e

Efficiency

Value'
Energy Units

4alue c

Map reading
Geography
Latitude

4

4

.

MATHEMATICS SKILLS.

Equation manipulation
Algebra

.1

Equation manipulation I.

Algebra

Equation manipulation
Algebra

Data comparAson

Interpret graphs
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-DUTY

. TASK

. 2 9 .)

11

ACTIVITY

b. Determine solar applica-
tion from client or blue-
prints an4 specifications as
tovhether it is space heat-
ing plus water heating.

c. If spate heating only, a
thumb rule for collector
tilt plus 15 degrees will be
appropriate to make use of
the winter sun's position in
the sky.

d. If water heating only,
.a thumb rule for collector
tilt equal to the latitude
will allow year round use of

collector.

e. If combination of space
heating and water heating
is required, the tilt

,is the same as that of space
heating only.

f. Enter results in work-

sheet.

SCIENCE SKILLS

Blueprint reading
Energy units

Sun/earth relationship

Sun/earth

Sun/earth

MATHEMATICS SKILLS

Arithmetic
Trigonometry

Trigonometry

Ar5thmetic
Trignonmetry



s.

DUTY
TASK ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

301

curve and compare all results
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DUTY
TASK ACTIVITY

2. Determine for each month
average hourly insolation for
tilt and latitude.

.

3.. Determine for each month
average ambient daylight tem-
perature.

363

a. Obtain ASHRAE insolation
tables.

b. Obtain local latitude
and tilt from E.1 above.

c, Eriter ASHRAE tables for
local latitude or closest
latitude for which there is
a table in tir month of
January.

d. Read actoss to tilt .

closest to that determined
in,E.1 above.

e. Enter in worksheet the
hourly values for insolation

a. Obtain ASHRAE Handbook
or other source of tempera-
ture data.

O. Enter table for geogra-
phic location and list
average daily daylight
temperature.

SC/ENCE SKILLS

Energy unit4:

Insolation

Latitude
Tilt

Latitude
Nomography
Meteorology

Tilt
Latitude

,Temperature

Meteorology
Latitude

Temperature
Geography

MATHEMAtICS SKILLS.

Interpret tables

Interpret tables

Interpret tables

. tt.,)

Interpret tables

Interpret tables ,

Interpret tables

30;



TASK ACTIVITY SCIENCE SKILLS'

4. Determine monthly collector
efficiency from collector
performance 6.tve.

5. Determine monthly clear day
collector heat gain in
BTU Ft.? - hr.

305

.-.

a. Obtain manufacturers
efficiency curves.

b. .Using the following
equation

x Tin - Tambient

Idesign

determine "x" value using
design insolation, collector
design inlet temperature,
and ambient temperature.

.\c

c. ,Enter manufacturer's
efficiency curves, then
horizontally to vertical
axis and read collector
efficiency.

d. Follow above procedure
for each month of the year.

a. From E.2 above sum all
hourly insolation values
greater than 125 BTU/hr "

Efficiency
Heat transfer

Temperature'
Insolation

A

Efficiency
Nomographyl

Temperature
Nomography
Efficiency

Insolation

1 MATHEMATICS SKILLS

"ntrepret giaphs

Algebra
Equation manipulation

Interpret graphs

Algebra
Interpret gfaphs

Addition

(
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DUTY
' TASK .

ACTIVITY

6. Deterkne for each month
average daily daYlight collec-
tion hours,.

7. Determine haze factor.for.

locality,

'

'b. Multiply daily clear day
iniolation (above) Iv '

collector efficiency from
E.4 above.

:a.Obtain ASHRAE Handbook.

b. Enteriables for closest
latitudes and read number of
daily daylight hourl.

a, 'Obtain local meteorolo-
gical data from colleges,'
airports, Federal GoVerdment
or.State Government, etc.

b. Look up haze factor for

8. Determine average Tonthly per- a. Subtract haze factor %

cent of, sunshine. from 100% to obtain % sun-

shine.

.30
'Ow

.SCIEi7CE SKILLS. MATHEMATICS SKILLS

Insolation Multiplication

Efficiency

Astronomy
Sun/earth relationship

Interpret tAles

Latitude (Interpret tables

Sun r9tation

Meteorology

Meteorology
Light scattering
Light absorption.

6

Interpret tables

Interpret graphs
Interpret tables

'Definition of percentag Multiplication
Subtracxion

.30S
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1

TASK

9. Calculate unit.mcnthly solar
gaiii in BTU/Ft.2,
'information obtained in
above.steps.

4

ACT/i.r/TY

or

C.

.

SCIEVE SKILLS

46.

MATHEMATICS SKILLS

Algebra

310
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DUTY
TASK ACTIVITY

F. DETERMINE MAXIMUM AVAILABLE
AREA

1. Determine'roaf space

COLLECTOR

dimensions.

4

2. Detei-mine ground space

dimensions.

3. Determine shaded spaces.

.311

a.' Ob7kin blueprints or
drawings-`(to scale)rof build-

ing.

b. Using engineers or archi-
tects scale or actual on site

measurement with tape mea-
sute, measure all areas of
roof thaf give'good soOthern
exposure.

C. Enter this area on
worksheet. V.

Obtain tapemeasdre.

a

lb'. At the site, measure
.length and width of ground'
space available4for storage
tank or collector placement.

c. Enter area on workiheet.,

a. Obtain sun angle locator
box.

b. .Positioning yourself so .

that you are eye level with
the bottom of the proposed
collector array, use sun
angle locator box,"-positioned
parallel with long axis of.
roof, to find time of year
and position of shade

devices.

SCIENCE'§KILLS . MATHEMATICS SKILLS .

Bluepriht reading

Blueprint reading
Area
Mensuration

Area.

Toolgraft

Mensuration
.Length e
Width

Area

I.

Toolcraft.
Simple machines

Sun/earth relationship'
Simple machines

nterpret graphs

Arithmqic
Trigonometry

6;

Basic meavring skills -

'Arithmetic
Trigonometry

Angles
Trigonometry



DUTY
TASK

ts,

4. Determine collector physical
dimensions.

5. Allow for proper spacing of
collectors on f4.at roof.

6. Allow for proper collector tilt
and agmuth.

31 0

ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

c. Mark areas that will be j Simple machines

shaded on roof/ground diagram

d. Measure these areas. I Mensuration

a. Look up dimensions on Area

manufacturer's specification Length

sheet. Width

a. Obtain ASHRAE Handbook. Mensuration
Area

Arithmetic

Arithmetic

Interpret tables
Arithmetic

Arithmetic

b. Look up solar altitude Sun/earth relationship Angle measurement

at 10:00 a.m. on December 21.

c. On separate sheet of Drafting

paper draw to scale, side Tilt
view of collector array with
proper tilt and collector
height.

d. Using protractor, find
'the point on the north side
of collectors where a line
drawn at an angle equal to
the altitude would just
touch the upper edge of the
collector.

Simple machines

e. Measure the distance Mensuration

from the back of the collec- Length

tor array to this point with
architects or engineers scal .

Tilt
Azimuth

Trigonometry

Trigonometry
Angle measurement

Trigonometry
Angle measurement

Linear measurement



DUTY
TASK ACTIVITY SCIENCE SKILLS

.7. Calculate maximum possible
collector area in square feet.

G. DETERMINE.OPTIMUM COLLECTOR AREA

1. Multiply given collector area by
monthly unit solar gain to ob-

, tain monthly solar gain in BTU.

2. Obtain monthly useful solar

cr
gain by taking the lesser of
the monthly solar gain and the
monthly total load.

3. Obtain the typical annual use-
ful solar gain in M BTU by
summing the monthly totals
and dividing by 10'.

4. Determine auxiliary fuel
efficiency.

5. Obtain auxiliary fuel
efficiency.

6. Determine cost of solar system.

31;j

a. Subtract from gross area
those areas that were not
usable.

a. Obtain collector area
from F.7. above.

b. Obtain monthlY unit solar
gain from E.9.

c. 'Multiply these numbers
together.

a. ty looking at a column
of monthly useful solar gain
and a column of monthly total
load enter the lesser of the
two numbers for each month in
a,third column.

a. Add all the numbers in
the third column in G.2.
above.

b. Divide this number by
10

6
to obtain M BTU.

a. Obtain written data on
fuel efficiency if possible.

a. Multiply value in G.4.
above by annual useful solar
gain.

a. Obtain collector cost
information from manufac-
turers.

Mensuration

Energy units
Mensuration

Solar Insolation

Area
Solar insolation

Nomography

Energy units

Insolation

Efficiency

Insolation

Value

MATHEMATICS SKILLS

Arithmetic

Equation manipulation

Arithmetic

*Interpret tables
Arithmetic

Arithmetic

Arithmetic

Arithmetic

Arithmetic

Arithmetic

31.6



- DUTY
TASK ACTIVITY

7. Determine the mortgage.interest
rate and term.

Determine cost and inflation
rate of auxiliary fuel..

9. Calculate life cycle value of
solar system. \ .

b. Multiply collector cost
by the number of collectors
to get:solar collector costs.

a. Obtain list of mortgage
rates from local building
institution.

b. From this list determine
mortgage rate based on .system
cost and lifetime.

a. Obtain list or table of
local utility rates.

b. From:this table.determine
rate which applies to the
specific application (resi-
dential, commercial, etc.)

c. Obtain from local Public
Utilities Commission esti-
mates lor fuel inflation
rates.

d. From this information
determine which rate applies.

a. Enter data collected
above in following formula:

$ Capital cost of solar
system

(cont'd on following page)

SCIENCE SKILLS

Value

Mortgage:rates

Energy units
Costs

Rate structure

Rate structure

Value

MATHEMATICS SKILLS

MultipliCation

Arithmtic

Interpret tables

Arithmetic
Interpret tables

Interpret tables
Arithmetic

Algebra

3 1 0
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DUTY
TASK

10. Iterate 'above steps with dif-
ferent collector areakto ob-
tain maximum life cycle value.

H. DESIGN FLUID FLOW SYSTEM

1. Determine proper storage size
and location.

ACTIVITY

Capital cost of solar
system including tax
incentives or other fac-
tors as reflected in
$/BTU

present value of fuel
cost over lifetime of
system

present value of stream
of milintenance costs
over lifetime of system

a. Locate outside tank in
area protected from the
elements. Locate inside
in tank in mech room insu-
rated from conditioned space
if used in summer.

b. Determine application
BTU/Hr design load require-
ments from A, B, & C as
applicable.

SCIENCE SKILLS

Value

Heat transfer
Temperatures
Insulation principles

Heat transfer
Temperature

s

MATHEMATICS 'SKILLS

Algebra

Basic measuring skills

Equation manipulation

320
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DUTY
TASK ACTIVITY SCIENCE SKILLS

2. Integrate solar and..convention-
al systems.

3. Design system controls and
operation modes.

c. Determine heurs of stor-
age required for application
typically.24 hours for heat-
ing and hot-water and Wree
to four hours for cooling.

d. Determine BTU storage
requirement by multiplying
hours of storage by BTU/Hr
requirement. .

e. Determine design maximum
storage temperature and mini-
mum useful storage tempera-
vire.

f. 'Divide BTU by the differ-
ence between maximum and .

minimum temperatures and
divide the result by 8.33 to
obtain storage size in gal-
lons.

U
GAL

BT
8.33 x T

a. For air.systems, deter-
Mine proper location of solar
duct tie-ins. For liquid
systems, determine location
of water coil in conventional
ductwork.

a. Use two stage thermostat
to bring on solar first and
conventional equipment

second.

Specific heat
Heat transfer

Specific'heat
Heat transfer

Temperature
Heat transfek

.

44'

Blueprint reading

Control theory
Flow of electrical

current

ft

MATHEMATICS SKILLS-

'Equation manipuLatian

e

Multiplication
Equationmanipulation

Equati, manipulation

Division
_Equation Manipulation

Basic measuring skills
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Tinnt >

TASK

PIN

ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

4. Size individual system compo-
nents in accordance with col-

lector size and load require-

ments.

1?. Use temperature sensors
and relays to prevent the

circulation of .the solar
working fluid to the load

when the fluid is not hot

enough to.he4 meet the load.

r Use a differential con-
"!trol and sensors to ensure
that the solar collectors
recharge storage and do'not

degrade it.

d. Use a motorized valve or

check valve to ensure that

storage is tot degraded by

thermal siphoning backflowi

e, Include relief valves.,

air vents, vacuum breakers,

and tempering valves as

necessary.

a. Determine CFM and GPM

for conventional equipment

and solar collectors.
A

b. For liquid systems,
choose water coil that mlets

BTU/Hr load requirem?.nts at
design minimum useful solar

supply water temperature.

Temperatures
Electrical circuitry

Electrical circuitry
Bi-metal principles

Fluid flow
Electrical circuitry

Pump characteristics
Fluid flow
'Fan characteristics

Temperature
Heat transfer
Fluid flow

Interpret.diagrams

.Interpret diagrams

Arithmetic

W.

Equation manipulation
Arithmetic
Interpret tables

Arithmetic
Algebra
Comparison
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DUTY
TASK,

11%

'4

5. Prepare working drawings.

3 2

ACTIVITY
.).

c. For air-systems, choose
air to water exchanger to
meet domestic hot water

.t
requtrements at collector
design CFM and outlet temper-
atures,

d. For liquid systems re-
quiring a water to water heat
exchanger between the collec-
tor and storage, determine
collector fluid 6pecific heat
GPM, and outlet temperature;
and determine tank minimum
flow over the exchanger sur-
face and design inlet temper-
ature. Refer to manufacture
for exchanger size.

el. Design duct and pipe
sizes for required CFM and
GPM not exceeding friction
loss and velocity limits
specified in ASHRAE handbook.

f. Choose the smallest pump
and fan models that exceed
or equal design CFM and GPM

at required static pressure
and head.

a. Determine schematic
'representation of system
componenw pipelines,
valves, dampers, fans, pumps
storage, collectors, conven-

tional equipment, etc.

4

)

SCIENCE SKILLS

Temperature.
Heat transfer
Fluid flow

Specific heat
Temperature
Heat transfer
Fluid flow

Fluid flow
Piping design
Duct design

Fluid flow
Nomography
Pumvcharacteristics
,Fan characteristics

-$A,

System :esign
Drafting

MATHEMATICS SKILLS
.a

Algebra
Arithmetic
Comparison

Algebra
Arithmetic

ea%

Algebra
Atithmetic
Equation manipulation

'interpret,graphs
. Interpret tables

Interpret graphs
Comparison
Interpret tables'

Interpret diagrams
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DUTY
-TASK ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

Z

6. Prepare materials and equip-

! ment specifications. .

32

b. Draw wiring diagrams
linking thermostats, relays,
temperature sensors, and
mech. Axel system components.

c. Use building plans to
determine physical location
of components. .

a. Determine lengths of
various duct and pipe sizes
needed.

b. Determine number and
sizes of:elbows, tees, gate
valves, manual dampers,
registers, and other small
passive fittings for pipe-
line connections.

c. Determine number and
sizes of motorized valves
and dampers, pumps, fans,
differential controls, ther-
mostats, relays, relief
valves, vacuum breakers, air
vents, expansion and compres-
sion tanks, aquastats, and
other small active system
components.

d. netermine number and mo-

del collectors, furnaces,
air conditioning units, stor-
age tanks, or other large
systeli equipment.

Electrical circuitry
Drafting

Interpret diagrams

Blueprint reading Xnterpret'plens

Mensuration Arithmetic .

Trigonometry

Mensuration .Arithmetic

Mensuration

Mensuration

Arithmetic

Arithmetic
Interpret charts.

328



DUTY
TASK ACTIV/TY

J. /NSTALL COLLECTOR

3. Mount each collector.

1

X; L. SYSTEM CHECKOUT

2. Check out the system powered
components.

a. Obtain collectors from
manufacturer.

b. Raise collector onto
roof.

Place collector on mount-
ing being careful not to dam-
age copper heads or mountings

d. Fasten collector to
mounting per blueprints.

a. Insure power is delivered
to system components.

b. Place system in all pos-
sible operating modes by
manually switching control
and/or shorting sensor wires.

c. Check operation of pumps,
automatic valves and other
components in all modes to
insure their operation com-
plies with the intended mode
of operation.

d. Return control overrides
to normal position.

SC/ENCE SKILLS

Human relations

Mechanical advantage
Simple machines
Coefficient of friction

Mechanical advantage
Simple machines

MATHEMATICS SKILLS

Interpret graphs
Interpret charts

Basic measuring skills

Knowledge of fasteners Interpret diagrams,

Simple machines
Blueprint reading

Flow of electrical cur- Basic measuring skills

rent

Cohtrol theory
Flow of electrical cur-

rent
Interpret wiring diagram

Interpret meter.scales

Flow of electrical cur- Interpret scales

rent
Fluid flow
Airflow
Solenoid operation



DUTY
TASK ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

4. Calibrate and test solar temp-
erature d4fferential controls.

M. MAINTENANCE

12. Check normal positions of
motorized valves and dampers.

13. Monitor flowrates and tempera-
ture differentials to test
system werations.

331

a.P If control system is
factory calibrateu, inspect
operation of system under
various temperature and
insolation conditions. In-

sure that system is operating
in proper modes.

b. If control is not factory
calibrated, test by immersing
sensors in water at various
temperatures. Monitor water
temperature with thermometer'
and check differential on and
off temperatures and high or
low limit functions. Use VOM
to check position of relays.

a'. See L.2

a. Check or estitnate insola
tion rate and check flow
rate (if flow meter is built
in).

b. Monitor temperature dif-
. ferential across collector
by attaching temperature
probes to collector inlet/
exit.

c. Calculate instantaneous
collector efficiency and/or
flow rate using manufac-
turer's collector performanc

Temperature
Solar insolation measure
ment

Fluid expansion & con-
traction

Bi-metal principles

Temperature
Bi-metal principles
Flow of electrical cur-

rent

Solar insolation measure
ment

Fluid flow
Pressure drop

Temperature
Temperature measurdttnt
Thermocouple principles

Efficiency
Fluid flow
Heat transfer

Interpret scales

\.

Interpret thermometer
scales

Interpret scales

Interpret scales

Equation manipulation
Interpret charts

3 3
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APPEND/X N

CONTRACTORS COMMENTS

On the contractors' survey form a space was included for comments.

This appendix contains a number of the comments received from cOntractors.

.The comments are un-edited except for the deletion of identifying names.

tie
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'rr.r.

Dear hr. Gibson:

14(M"

. r

'

I enjoyed filling out the enclosed questionnaire. I am
:very pleased to see someone is concerned about the need for trained
personnel in the solar field.

In relation to training people for the solar field, is Navarro
College,offering any full time courses for undergraduate students?
The reason I ask is I have a brother who finished his first year of college
and is very interested in turning his education t wards the solar field.

If Navarro College is not offering any full time training in,
solar, maybe you could furnish me with some colleges who are offering
full time courses. (Not the 3 to 5 day sessions that many colleges are
now presently offering.) J .

. If there are any more questions you need answers,for, I will be
Imppy to assist you if I can. I would also appreciate an answer to the
question of full time courses in the solar field because I would like
to see my brother attend a school who is.offering duch courses.

Have a pleasant summer and may the sun,always shine on the south
side of your home.

Cordially,
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Dear Mr. Gibson:

Goncerning your recent letter to "Access the Need for Developing
and Implementing Technical andlkilled Worker Training for ,Solar Energy
Induatry'!. °

.), I feel, is presently not qualified to
supply you with the information you have requested.

We are a new company which is still in its research and development
stages. In the near future we have a 30 unit condominium project in which
we will install solar hot water apOlications; and in our new 2400 sq. ft.
office complex to be constructed we plan to incorporate a complete solar
application: hot water, space heating, and cooling.

As this project develops, ( ) will be happy
to contribute its findings to your study.

It believe.that the task you are undertaking is
one. If the solar industry is to survive and prosper
qualified labor to keep pace with technology.

a very important
, it must develop

Please keep me advised of your progress and your findings. If

pmay be of further help to your project, do not hesitate to write
t or call.

Cordially,
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Attn: Harold J. Gibson

Dear Mr. Gibson:

Because I feel very strongly about solar heat,,I am edclosing
a personal letter.

Our experience in the solar market gives us.the same feeling w4
were exposed to with the heat pump market in the early sixties. The

failures then, with the heat pump, should give us an insight ço proper
steps required to have a solar system that will work.

Solar collectovs-eertainly will become the victima of improper
installations if inadequate amounts of collectors are installed.

,

ihave raised a few of the many problems thtt exist, and continues
.to exist, if manufacturers don't take proper control of their market
place.

I certainly do hope we all voice our interests, in this industry
in the future.

Very truly yours,



CARPENTRY:

Developing Skilled Solar Technicians and Designers is definitely

worthwhile and I suggest learning by building and operating your own

water heating system and/or cool system for Navarro College. Just Do It!

ge



We are operating 2 companies - one company, (

,is a general contracting firm, with Ptimary emphasis on solar. Typically,

we start with a customer and his lot, and custom design a home for that

customer. We stress a heavy use of energy conserving materials and

designs, as well as incorporating as much solar as possible into the home.

The second .company, (

firm. We manufacture and'sell,flat plate collectors, as well as other

solar related products. In addition, we market Fafco solar pool heating

collectors.

Our primary goal is to consummate a "marriage' of solar and archi-

tecture. For that reason we maintain a staff.oI designers that are

responsible for all architectural designs.

We look for the solar market to expand rapidly in the coming months.

) is,a solar manufacturing

We have already done as much business ivhe first half of this year

4
as we did in the prior 18 months.

months.

Good, qualified installers will be at a premium in the.coming

3 3S4
-262-

At,

I



or

Th

c

'41190" 0 4

In order to "Assess Ae Need for Developing and,Implementing of

Technical Skilled Workers for the Solar Energy Industry", the questions

should not be so broad so that it becomes difficult to answer. For

example, the first question should ask about the last application that

I was involved with, since I. am currently research and developing the

idea of radiant cooling. Incidently, I have only been with the firm

for 2 months so that you can see how busy we are out here.

Currently I am in transix to open another regional branch office

and I am famiLiar with the need in the field as I taught a 10-hour

letture series in Adult Education here at (

If I can be of further assistance (I applaud your efforts), please

contact through ( ).

a
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From my own dducational anevocatiOnal background I know what I would

like-to have in a designer or technician,and from my experience with the

seminars, classes, lectures and societies that I've attended and joined, .

I do.not believe many of these designers and technicians will be truly

qualified. I hope your program will be the exception to the general rule.

My choice of candidates would be:

A good physics background with the ability to relate with daily

activity. Stress on fluid mechanics and heat transfer. Calculup

level in mathematics would be sufficient. Field work in mechanical

engineering as well as classroom studies. Another prerequisite would

be the ability to derive &potions rather than memorize formulae.

This is asking a lbt, but.I feel these qualifications would make a
r

e-
top employee who could grow to the top anywhere in,solar work.

P

My main complaint with current solar studies is an excess of tables,,

calculations and formulae with a minumum of common sense and practical.

application.

3 4 0
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Yours truly,



in Florida the solar markets are primarily domestic hot water and

pool heating. These are relatively low technology and do not revire

substantial design efforts.

For'larger hot water heating systems (commercial), I do the design

work myself in conjunction with other building trades.

In the future, I will hire's grad4ate of a general engineering

program and train him in the solar aspects myself.

For installation labor we elploy experienced rlumbers, due to

local building.codes.

In the event.that the federal government passes tax incentives

to stimulate the industry, there will be a shortage of trained installation

personnel. This situation will exist for about 6 months, the time

necessary to train aft installer.

I will be more than happy to answer any future questions you

may have.



Our experience has been that each system is unique. We sell

to industrial, commerical and residential. The technicians would be

valuable if they knew heating and air conditioning with solar application.

Since the architects use engineering data, the application of their

plans to installation, if not already providedfor, Would facilitate.

Let me know if I can be of any further help.

Regards,

P.S. Most urgently needed:

People who can call on potential prospects, arouse interest

in solar adv4ntages, assess the present system, design solar

application to be used for particular system and ultimately

close the sale! Thereafter, they would supervise installation and

explain maintenance to the purchaser.



Ac,

Thanks for the opportunity to respond to your questionnaire!

There is a need for solar technicians (sun plumbers) who can

install, maintain and troubleshoot solar equipment. And there is a

need for knowledgeable small businessmen (the guys on the carner)

who can sell and service solar equipment on a par with T.V. sales and

service. However, I feel that the most pressing need right now is

for every builder of new buildings and home improvemeni contractors to

be made knowledgeable of basic concepts of sun heating and cooling.

This is where the greatest progress can be made - if every new .building

or additions'to existing can be designed to take advantage of the natural

energy of the sun.

I support your efforts tot) help establish a solar industry, and

wish to help in any way I c,-. However, I'll bet that the same

investment in time and energy put into a "Sesame Street"* approach to

educate our kids rather than a university program would have a much

greater effect on our future.

Enclosed is a brief description of our new home which speaks

for the way I feel. Please examine it as there has been considerable

thought gone into it. , rAss it on to others who may be interested.

*Call it "Energy Street"

Thank you,



Comments:

We are establishing a tentative administrative force, a Sales Organization

and an installation personnel group in anticipation of a sudden increase

in sales and distribution of our Solar Energy equipment. Many inquiries

are received from Solar Energy prospects who are planning to build new

homes which will include Solar Energy equipment. This should result in

sales when the government finally stabilizes the grant and tax incentive

programs.

When the "explosion" erupts many people versed in the application of Solar

Energy will be required to meet the demand for persons in all phases of

the solar energy equipment business.



In my estimation -

The biggest need in manpower is now and will be a solar designer-

draftsman (not a mechanical engineer - they tend to over design a system,.

causing increased'prices).

The average plumber-fitter can install a system given a good I t:

detailed plan. The critical need is in figuring heat losses solar

insolation, pipe sizing, pump sizing, piping layouts (valves, check

valves, thermistors, flow meters etc.) ..6.

The next need is controls - design and wiring - almost every

systeM is different and requires knowledge of what control io perform

what function. -

The solar installations are no piece of cake - each takes its

share of de-bugging.

Hope I have been of some help.

Sincerely,



S.

Suggest you start a "hands on" program of practical field experience.

We found the 5 engineers we employed all missed certain elements of

the schematics that were clearly and somewhat readily brought to our

attention after the system became activated.

Good-luck,

3 11;
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), has just emerged from pilot production.

Certain of our manpower require nts are, therefore, preliminary and

are under continuing review. A re'bponse from us in 6 months will

yield more meaningful information. \

However, we already perceive a need for trained solar installers and

repair personnel. There is no question of a shortage of such people.

We could use 1-2 such individuals now.
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Y. Mould you hire a solar designer or installer if such a trained

technician were available? . Nor yet If no, expfain. %

Still in development stage and training is taking place

daily so to say you are trained in todays market is a mistake..

VI. COMMENTS: Basic training in heating design is a must. There are

too many in field with no background in heating engineering.



V. Would you hire 4 solar designer or installer if such a trained

technician were available? NO If no, explain.

Not enough need for one.

VI. COMMENTS:

e I expect that plumbing and sheet metal subcontractors will do

the work in the future.



Vf Would you hire a solar designer or installer if such a trained

technician were available? Yes If no, explain.

with qualification: would.have to be experienced in conventional

systems; insufficient volume to justify a solar specialist.

VI. COMMENTS:

01;
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-274-



V. Would you hire a solar deesigner or installer if such a trained

technician were available? No If vo, explain.

This will probably be our one and only solar job, if we ever

complete this one.

VI. COMMENTS:

3 5 i
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V. .Would you hire a solar designer or installer if such a trained

technician were available? NO If no, explain.

Skills generally are low level plumbing, HVAC carpentry, etc.

We can train better and easier than the usual school.

VI. COMMENTS:

This is a low tednology field (except for photovoltaic). We

have easily trained technicians in 1 month to 6 weeks and

designers to size systems etc. in two months.


